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Probiotics have great positive impacts on human health. Therefore, finding 
new probiotics possess novel probiotic characteristics would be greatly appreciated by 
medical, scientific and food industrial societies. This study aimed to isolate lactic acid 
bacteria (LAB) from traditionally dried fishes, assess their safety aspects, characterise 
their probiotic features, and investigate their potential health-promoting benefits of 
fish sausage fermented by selected LABs, in-vitro.  
 
Out of one hundred and fifty (150) isolates, 85 isolates were considered as a 
potential probiotic. The 85 isolates achieved a reduction under gastric juicy ranged 
from 0.5-5.2 log10 CFU/mL during 2h of incubation and they were more vulnerable 
toward oxgall compared with cholic and taurocholic acid. Out of 85 isolates, 29 
isolates showing the considerable tolerances to gastrointestinal conditions and bile 
salts. Out of 29 isolates, 13 isolates had remarkable tolerances and were selected for 
additional characterization as potential probiotic properties. 16s rRNA sequencing was 
implemented to identify (13) presumptive LAB isolates. All those isolates were 
identified as Enterococcus spp. Classified as following: 4 E. faecalis, 7 E. faecium and 
2 E. durans. With respect to the safety assessment, all evaluated isolated shown no 
clear-halos which expressed as no hemolysis (gamma-hemolysis). All isolates were 
more susceptible to penicillin and ampicillin compared to other four tested antibiotics.  
 
According to evaluation assays of probiotic characterization; In general, 13 
Enterococcus spp. Showed high cholesterol removal ranged from 6.5% to 59.1% 
during 24 h of incubation. The 13 Enterococcus spp. demonstrated a good percentage 
of autoaggregation ranging from 8.2 - 21.3 % and 29 - 67% throughout 3h and 24h of 
incubation, respectively.  
 
The following 6 strains were selected to prepare functional fermented fish 
sausages: E. faecium MF047470, E. faecium MF047495, E. faecium MF047509, and 
E. faecium KY962874, E. faecalis KY962905, and E. durans KY962882. The amylase 
and glucosidase inhibition in fish sausages fermented by Enterococcus spp. extended 




storage. The DH%, DPPH%, ABTS%, amylase and glucosidase inhibitions had a 
positive correlation. 
 

































 )cibarA ni( tcartsbA dna eltiT
 
المعزولة من السمك الإماراتي المجفف  اللبنلبكتيريا حمض  الصحية صفاتالدراسة 
 عزلات ُمختارةالبواسطة  ئد الصحية لنقانق السمك المعتقوتعزيز الفوا
 الملخص
ديدة ج للبروبيوتيك تأثيرات إيجابية على صحة الإنسان. لذلك يُعد العثور على بروبيوتيك
بما تحمله من خصائص صحية َمَحل تقدير من قِبَل الجمعيات الطبية، العلمية والصناعية.  تهدف 
مدى  وتقييمها من حيثهذه الأطروحة إلى عزل بكتيريا حمض اللبن من الأسماك المجففة تقليديًا، 
حقق من فوائدها لي التومن ثَمَّ تمييز سماتها كبكتيريا (بروبيوتيك)، بالاضافة إسلامتها للاستخدام، 
 السمك الُمعتق بعزلات ُمختارة منها. نقانق من خلال  -مخبريًا-الصحية 
بكتيريا بروبيوتك ُمحتملة.  بَرت ْأُْعتِ ثمان وخمسون عزلة من إجمالي مائة وخمسون عزلة 
وقد انخفض عدد هذه العزلات تحت تأثير العصارة الُمعوية خلال ساعتين من الاحتضان بما 
، كما أن هـذه العزلات كانت أكثر تأثًرا عند تعرضها  5.0-gol 2.501 m/UFCL ح بين يتراو
عزلة  29عزلة،  85من بين . )cilohcoruat(و)cilohc( مقارنة بحمضي  )llagxo(لحمض 
عزلة من بين التسع ر عوية والأملاح الصفراوية. ثلاثة عشأظهرت تحمًلا كبيًرا للظروف الم ُ
امتلكت درجات تحمل ملحوظة قد اختيرت لإجراء اختبارات إضافية كونها  والعشرين عزلة التي
لتحديد نوع العزلات، حيث تم  ANRr s61وقد تم تنفيذ تسلسل  بكتيريا (بروبيوتيك) ُمحتملة.
 .Eعلى النحو التالي: أربع عزلات  ُصنفت ْ ).pps succocoretnE(تحديد الثلاثة عشر عزلة باسم 
فيما يتعلق بالفحوصات الخاصة  .snarud .Eوعزلتان   muiceaf .E ، سبع عزلاتsilacaf
الدم،  نحلاللابتقييم سلامة العزلات، فقد أثبتت الاختبارات أن العزلات الثلاثة عشر غير ُمسببة 
 رة. بَ تحساسية للبنسلين والأمبليسين مقارنة ببقية المضادات الحيوية الُمخ ْ أكثربينما كانت 
الية في عزلة مستويات عشر ، حققت الثلاثة عبروبيوتيكمات الم س ِوفقًا لفحوصات تقيي
ساعة من الاحتضان، كما أنها  ٢٤خلال  ٪٥,,٥إلى  ٪٥,٦إزالة الكولسترول تراوحت بين 
 ٪٦٦ – ٤,,٤و ٪ ٢,٥٤ -٤,٢بمقداري  ،)noitagerggaotua(أظهرت قدرات جيدة في اختبار 





  الُمعتق: كالسمسجق تم اختيار السلالات الستة التالية لإعداد 
 muiceaf .E ,905740FM muiceaf .E ,594740FM muiceaf .E ,074740FM muiceaf .E
 288269YK snarud .E dna ,509269YK silaceaf .E ,478269YK
الأميلاز والجلوكوسيداز) في نقانق السمك وقد كانت نتائج فحوصات تثبيط السكري (
-٤,,٤و ٪,,٢٤ - ٢,٥٢حيث قُدرت بمعدل بينجيدة،  ).pps succocoretnE(الُمخمر بواسطة 
يوم من التخزين. وقد كانت نتائج اختباري تثبيط السكري  ٥٤على التوالي، خلال ٪٦,٢٦
  )%STBA( و )%HPPD( ومضادات الأكسدة)%HD( ضافة إلى فحوصات التحلل البروتيني بالإ
 مرتبطة ايجابيًا ببعضها البعض.
 
، نقانق السمك ،مخفض للضغط، بروبيوتيك ،لبنال بكتيريا حمض :مفاهيم البحث الرئيسية
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Chapter 1: Introduction 
 
1.1 Overview 
FAO/WHO has proposed a definition for probiotics as “live microorganism 
which, when consumed in adequate amounts, confer a health effect on the host” 
(Fao/Who, 2002). Based on probiotic definitions, a great number of microorganism 
species and genera are considered as probiotics. However, the bacteria which are 
classified as LAB obtained greater interests to food and nutrition sectors. In general, 
LABs are Gram-positive, catalase-negative, non-spore forming, anaerobic, acid 
tolerant, and fastidious. LABs generally ferment sugars to produce mainly lactic acid 
(Felis, Dellaglio, & Torriani, 2009). In general, probiotic bacteria are members of 
lactic acid bacteria group of  Lactobacillus, Streptococcus, Bifidobacteria or 
Enterococcus (Remacle & Reusens, 2004). Researchers have proven that the 
probiotics effects are strain-specific (Kekkonen et al., 2008). Thence, it is substantial 
to screening the strains efficiency individually in order to confirm certain health 
influences, where the ability of specific probiotic strains to maintenance the microbiota 
balance within host-GI have been proven (Hertzler, Savaiano, & Levitt, 1997). In 
addition, probiotics capabilities are shown to minimization mucosal inflammation 
(McCarthy et al., 2003), lactose intolerance, flatulence, abnormal colonic 
fermentation, and symptoms of infant food  (O'Mahony et al., 2005). Recently, the 
characterization of LAB with potential probiotic properties isolated from traditional 
food products captivates more attention (McCarthy et al., 2003). Numerous studies 
have reported a significant number of species belonging to Lactobacillus, 
Enterococcus, and Bifidobacteria that characterized as probiotic bacteria (Ankaiah, 




2018). The new probiotic bacteria will be extremely beneficial to human health and 
food manufacturers. A novel L. paraplantarum D-3 was isolated by (Arasu & Al-
Dhabi, 2017) from fermented dates in Saudi Arabia. Authors have concluded that 
fermented date is potential source of a novel probiotic strains with antioxidant and 
antifungal functional properties.  
Moreover, (Anacarso et al., 2017) isolated twenty one LABs from ham 
samples, which were identified by PCR as  L. paraplantarum–GS54, L. plantarum–
GS16 were characterized as the superior bacteriocin-like substance producers 
companied to other 10 LABs. Due to all health benefits of probiotics and/or fermented 
food products by these probiotics, researchers are enthusiastic to search new novel 
probiotics. A 13 LAB strains were isolated by (Manini et al., 2016) from wheat bran 
sourdough and identified as the following: 7 isolates belonged to Lactobacillus, 4 
Leuconostoc spp., and 2 Pediococcus spp. The authors concluded that wheat bran 
sourdough was a rich source of novel LAB bacteria with promising potential probiotic 
characteristics. Nine isolates could be employed in food industry due to EPS 
production and antifungal activity (Manini et al., 2016). The dried fish with low water 
activity would be good source to isolate lactic acid bacteria with potential probiotic 
and industrial characteristics. This study aimed to isolate lactic acid bacteria (LAB) 
from traditionally dried fishes, characterise their probiotic features (gastric and 
intestinal tolerances, bile tolerance, cholesterol removal, antibiotic susceptibility, 
antimicrobial activities, attachment capabilities, EPS production, and non-hemolysis) 
and investigate their potential health-promoting benefits in-vitro (⍺-amylase and ⍺-




1.2 Probiotic Definition  
Initially, “probiotics” as a term was coined as synonyms of the word 
“antibiotic”. It is originated from Greek two words pro and biotos and explicit as “ for 
life” (Hamilton-Miller, Gibson, & Bruck, 2003). The first probiotic used as a 
description of health restoration of malnourished patients via diverse organic and 
inorganic supplements was by Kollath (1953). About a year later, in 1954, Vergin 
proposed that a microbial imbalance in the humans body resulted in antibiotic therapy 
might have been restored by consumption a probiotic-rich diet (Vergin, 1954). 
Probiotics were defined as compounds formed by one microbe that reinforced the 
growth of another microbe (Lilly & Stillwell, 1965). Comparable to this approach, 
Sperti (1971) and 2 year later Fujii and Cook (1973) depicted probiotics as substances 
that either induced microorganism growth or promoted the host’s immune response 
without preventing the culture growth. Whereas, Parker in 1974 presented another 
probiotics definition, he described them as microorganism and compounds, which 
associate to intestinal microbial balance (Parker, 1974). Parker’s definition was 
debated by many scientists since different compounds including antibiotics showed 
range of various probiotics definitions (Vrese, 2001). Most considerably description 
has been cited by  Fuller in 1992 who recognized them as “a live microbial feed 
supplement, which beneficially affects the host animal by improving its intestinal 
microbial balance” (Fuller, 1992). However, Fuller’s definition was applicable to 
animals more than to humans. In 2002, FAO/WHO has proposed a definition for 
probiotics as “live microorganism which, when consumed in adequate amounts, confer 




1.3 The History of Probiotics 
Probiotic usage prolongs back into a period before microorganisms were 
known, since the pictures of fermented milk products were discovered in Egyptian 
hieroglyphs, while fermented Yak milk has been accustomed by Tibetan nomads as 
traditional method to preserve milk through their long tours (Guo et al., 2014). The 
health influence of ingesting amount of fermented milk products was observed by 
researchers in the 1800s (Barnett, 2000), however the explanation for these health 
influences stayed unknown. Although Louis Pasteur approved that the bacteria and 
yeast causative for the fermentation process, but did not connect these microbes to any 
health benefits (Barnett, 2000).  
In 1905, Russian Zollogist Elie Metchnikoff, who had shared researches with 
Pasteur, has reported that the correlation of longevity in Bulgarian peasant populations, 
not because of the yogurt they consumed, but actually to the Lactobacilli employed to 
ferment the yogurt and thus the reach of these Lactobacilli to colon (McFarland, 2015). 
Henry Tissier (1906) isolated bifidobacteria from infants and suggested them could 
substitute pathogenic bacteria in the gut. All of these discoveries assisted to catalyze 
and facilitate studies into function in disease prevention and their health-promoting 
benefits. In 1922, Lactobacillus acidophilus was employed in patients’ therapy with 
diarrhea, chronic constipation or eczema and resulted improvements for all three cases 
(Rettger Lf, 1922). After one decade, in 1932, a research proved the impact of Lb. 
acidophilus in volunteers with mental disease and constipation (Kopeloff N, 1932). 
The view that yogurts were the superior vehicle for probiotics was debated in the state 
of using lactic acid bacteria as yogurt starters (e.g. Streptococcus thermophiles and Lb. 




intestinal (Kopeloff N, 1932). As a resulted, Lb. acidophilus was inoculated to milk 
that had greater capabilities to colonize the human colon without elevating the acid 
rates (Ozen & Dinleyici, 2015). Researchers supported the conception of the 
complicated interactions of normal flora and its capability to resist invasion of 
pathogenic bacteria, which termed ”colonization resistance” (McFarland, 2000).  
  In 1965, the researches of Lilly and Stillwell conferred a new vision to the 
probiotic description and they were the first introduced the term “probiotic” to 
characterize compounds secreted by one microorganism that catalyzed the growth, of 
another microorganism (Lilly & Stillwell, 1965). In 2013, the global guidelines on 
probiotics and prebiotics of the World Gastroenterology Organization eliminated the 
myth that any yogurt can be deemed a probiotic, and proved that the efficiency of 
probiotics are dose-specific and strain-specific dependents (McFarland, 
2015(http://www.worldgastroenterology.org)). In 2014, the International Scientific 
Association for probiotic and prebiotics published on consensus statement 3 main 
categories of probiotics: 1) probiotics without health claims, which mostly considered 
safe and no evidence of efficiency required, 2) probiotics used as a food supplement 
with particular health-beneficial claims. 3) probiotic drug, where clinical strain 
applied, risk and benefit assessment and justification, fulfillment regulatory standards 
for drugs (Hill et al., 2014). 
1.4 Probiotic Classification and Taxonomy 
Currently, several microorganisms are characterized as probiotics (Khalighi, 
Behdani, & Kouhestani, 2016). Based on probiotic definitions, a great number of 
microorganism species and genera are considered as probiotics. However, the bacteria 




general, LABs are Gram-positive, catalase-negative, non-spore forming, anaerobic, 
acid tolerant, and fastidious. LABs generally ferment sugars to produce mainly lactic 
acid (Felis, Dellaglio, & Torriani, 2009). LAB genera were early subdivided by Orla-
jensen (Tindall, 2008) in to genera Micobacterium, Betabacterium, Thermobacterium, 
Streptococcus, Tetracoccus, Streptobacterium, and Betacoccus according to their 
morphologic and phenotypic properties (Holzapfel, Haberer, Geisen, Bjorkroth, & 
Schillinger, 2001). In the present day, exclusive Streptococcus as a name, is still 
applied, whereas, Vogacoccus, Enterococcus, and Lactococcus have been derived 
from the main genus streptococcus (Bull, Plummer, Marchesi, & Mahenthiralingam, 
2013). In comparison with the technically remarkable Lactococcus spp., where they 
are mostly considered as safe and non-pathogenic, Streptococcus genus exhibits 
fundamentally pathogenic streptococci, except Streptococcus thermophillus and some 
strains of Enterococcus spp. Since the interval of Orla-jensen, taxonomic categories 
of some LAB genera were subjected to great alterations (Holzapfel et al., 2001).Thus, 
knowledge of  bacterial taxonomy classification may indicate to the strain’s source, 
physiology and habitat, furthermore this improvement in the taxonomic knowledge 
have significant outcomes in terms of selecting novel strains to be used as probiotic or 
in food application. 
In general, probiotic bacteria are members of lactic acid bacteria group of  
Lactobacillus, Streptococcus, Bifidobacteria or Enterococcus (Remacle & Reusens, 
2004). These genera produce mainly lactic and acetic acids as end product of using 
glucose (Mayo, van Sinderen, & Ventura, 2008).  
Lactobacillus genus is rod-shaped, phylum Firmicutes, and belong to 




are popular group is employed in extensively in food industry to produce 
fermented product. Yogurt, cheese and fermented sausages are examples for 
fermented products where Lactobacillus member are employed (Felis & 
Dellaglio, 2007). Lactobacillus delbrueckii subsp. bulgaricus is a well-known member 
of the Lactobacillus genus that used in yogurt and cheese production.  
Bifidobacteria members are widely screened genus as probiotic 
microorganisms with branched shaped. Bifidobacteria belong to the phylum 
Actinobaceteria; and Bifidobacteriaceae family (Pfeiler & Klaenhammer, 2013). 
Several studies have been documented in-vivo and in-vitro health-promoting benefits 
of the Bifidobacteria members  e.g., B. longum and B. animalis (Ventura, van 
Sinderen, Fitzgerald, & Zink, 2004).  
Enterococcus is a large LAB genus, cocci-shaped, belongs to the family 
Enterococcaceae occurring in groups, short chains, in pairs or single (Holzapfel & 
Wood, 2014). The main habitat of Enterococcus species is gastrointestinal tract (GI) 
(Zhong et al., 2017). Enterococcus species play an essential role in food productions, 
particularly dairy products (Foulquié Moreno, Sarantinopoulos, Tsakalidou, & De 
Vuyst, 2006). It inhibit foodborne pathogens by producing bacteriocins (Giraffa, 
2003). Few studies have reported that Enterococcus species associated with several 
infections diseases (Moellering, 1992; O’Driscoll & Crank, 2015). 
The genus Streptococcus includes a wide diversity of commensal and 
pathogenic of cocci gram positive bacteria (Marri, Hao, & Golding, 2006). 
Streptococcus belonging to the phylum Firmicutes and family Streptococcaceae and 
cells occur in chains or pairs (Gao, Zhi, Li, Klenk, & Li, 2014). Streptococci do not 




optimum temperature growth is 37oC (Holzapfel & Wood, 2014). Streptococcus 
thermophilus species is widely used as starter cultures for manufacturing yoghurt, 
cheddar and some other type of cheeses (Hou, Hannon, McSweeney, Beresford, & 
Guinee, 2017).  
1.5 Beneficial Health Effects of Probiotic 
Recently, respectable studies on the description and investigation of the 
potential health benefits of probiotics have been upsurge. Researchers have proven 
that the probiotics effects are strain-specific (Kekkonen et al., 2008). Therefore, it is 
important to screening strains efficacy separately in providing particular health effects, 
where specific probiotics strain have been shown their ability to maintain the 
microbiota balance within GI of host (Hertzler, Savaiano, & Levitt, 1997). Beside, 
probiotics are be able to minimize mucosal inflammation (McCarthy et al., 2003). 
Moreover, probiotics are recognized to reduce each of lactose intolerance, abnormal 
colonic fermentation, flatulence, symptoms of infant food (O'Mahony et al., 2005). In 
general, pathogens attachment to the digestive epithelium is blocked by the probiotics 
to inhibit disease-induced pathogen. In addition, probiotics possesses antimicrobial 
activities in order to kill or prevent the pathogen-induced diarrhea (Ariful, Yun, Choi, 
& Cho, 2010).  
1.5.1 Inflammatory Bowel Disease (IBD) 
As a term “Inflammatory bowel disease” (IBD) comprises varied gut 
conditions. The two major types of IBD are Crohn’s disease (CD) and Ulcerative 
colitis (UC). UC is restricted to the colon and is distinguished by spread mucosal 




extent can be categorized into “distal disease” and “more extensive disease” (Liang, 
Sha, & Wu, 2014). It has been reported that probiotic bacteria have a role alleviating 
the symptoms of IBD (Mowat & Bloom, 2013).  
Several researches have confirmed that the fecal microbiota composition 
differs for healthy controls compared with IBD subjects (Huttenhower, Kostic, & 
Xavier, 2014). Lactobacillus strain was capable to minimize inflammation symptoms 
under experimental conditions (Liang, Sha, & Wu, 2014).  
Lactobacillus GG strains have been screened and in-vivo employed in patients 
with IBS, including UC and CD (Zocco et al., 2006). Authors found that these bacteria 
had an equivalent impact to mesalazine (medical anti-inflammatory drug) in remission 
of IBS. Study conducted by Zocco et al. (2006), 187 patients were randomized to 3 
open-label arms included  Lactobacillus rhamnosus GG (Lb. rhamnosus GG) plus 
mesalazine, Lb. rhamnosus strain GG only, and mesalazine only. The two trials with 
Lactobacillus exhibited identical to that performed same as mesalazing therapy. In 
non-blinded experimental design, a research with 21 UC patients investigated a 
Bifidobacterium fermented milk, those patients subjected to fewer relapses throughout 
the period of study (12 month) (Ishikawa et al., 2003). Probiotic treatment may possess 
equivalent efficiency than the traditional drug therapies in term of remission 
maintenance in UC. 
1.5.2 Irritable Bowel Syndrome (IBS)  
Fermentations occurring in the colon produce changeable gas volume. 
Symptoms of flatulence, abdominal pain, and bloating are usually observed in IBS 
patients (Defrees & Bailey, 2017). Hypothetically, reducing the gas accumulation 




performed by administration of selected and appropriate bacteria strains 
(Charalampopoulos & Eds, 2009). Employ of lactobacillus and bifidobacterium in the 
IBS treatment was proved to be highly efficient in a number of studies (Fukudo et al., 
2014; Minamida, Nishimura, Miwa, & Nishihira, 2015). Studies have reported that the 
beneficial impacts of probiotics by enhancing immune response, improving intestinal 
permeability, and modifying colonic fermentation (Sartor, 2004). There are different 
aspects concerning the mechanisms of probiotics in mitigating of IBS symptoms (Han, 
Wang, Seo, & Kim, 2017). Probiotic supplements can possibly alleviate IBS 
symptoms by path of alteration of the gut-brain axis (Cryan & O'Mahony, 2011). Lb. 
paracasei (Cremon et al., 2017), B. infantis, B. breve , B. longum (Giannetti et al., 
2017) demonstrated capabilities to reduce IBS symptoms.  
1.5.3 Acute Diarrhea 
Acute diarrhea in children is commonly caused by rotavirus. During infectious 
diarrhea stage, the permeability of gut cells is raised to intact proteins (Shah, 2007). 
Probiotic strains such as are B. animalis Bb-12 and Lb. acidophilus are proposed to 
reduce duration of rotavirus diarrhea in children (Park, Kwon, Ku, & Ji, 2017b). Also, 
antibiotic-associated diarrhea can be prevented by selected probiotic strains which 
have inhibitory effect against a number of entero-pathogens. Yoghurt supplemented 
with B. longum was efficient in minimizing the erythromycin course that stimulated 
diarrhea (Shah, 2007).  
1.5.4 Allergic Diseases 
Although the accurate etiology of allergic disorders remains uncertain, the 




disease requires to be understood. It has been suggested that allergic disorders may be 
the result of inappropriate or insufficient microbial stimulus because of improved 
hygienic statuses (Tang, 2005). Overall, allergic diseases are related with change of 
the Th1/Th2 cytokine equilibrium resulting in activate Th2 cytokines and then liberate 
interleukin-4(IL-4), IL-5 and IL-13 in addition to IgE formation (Michail, 2009). 
Administrated probiotic significant of that case, probiotic may influence early 
improvement of immune tolerance in the gut during the first year of life. (Zuccotti et 
al., 2015) have concluded that probiotics in infants had a remarkable lower risk ratio 
for eczema compared with control groups particularly those treated by mixture 
probiotics supplementation.   
1.5.5 Colon Cancer 
Experimental studies (in-vivo and in-vitro) demonstrated protective influence 
of probiotics such as Bifidobacteria and Lactobacillus strains or the mixture of 
probiotics and prebiotics toward colon cancer. Those combination can inhibit the 
establishment, growth, transplantation metastasis and chemically-induced tumors 
(Charalampopoulos & Eds, 2009).   
The accurate mechanisms by which probiotics may prevent colon cancer are 
unknown. However, different potential protected mechanisms have been described, 
including: (1) a modulation of the metabolic actions of intestinal microflora; (2) a 
change of physio-chemical statuses within the colon; (3) blocking and deteriorating of 
potential carcinogens, (4) qualitative and/or quantitative modifications in the intestinal 
microflora involved in making promoters and putative carcinogens; (5) the formation 
of anti-mutagenic or anti-tumoerigenic substances; (6) reinforcement of the host’s 




(2016) have reported that Lactobacillus pentosus B281 and Lb. plantarum B282 
demonstrated noticeable adherence and anticancer activities against Caco-2 cells. Lee 
et al. (2015) have isolated different LAB strains with antiproliferative activities. 
1.6 Health Benefits of Food Products Fermented by Probiotics 
Fermented food can be characterized as resulted products whose chemical, 
biological and physical properties have been modulated by bacterial activity (Pihlanto 
& Korhonen, 2015).  Fermented food products are recognized to contain certain 
microbial metabolites such as lactic acid, acetic acid, alcohol, carbon dioxide, 
propionic acid and exopolysaccharides, and bioactive molecules especially bioactive 
peptides released during fermentation (Gan, Li, Gunaratne, Sui, & Corke, 2017). The 
formation of those bioactive peptides during fermentation food process is of notable 
concern since they exhibit diverse interesting bioactivities such as antihypertension, 
cholesterol-lowering, antioxidant, and anticancer. In this part some of these health 
promotion benefits are explained.   
 1.6.1 Antihypertension Property 
Angiotensin converting enzyme (ACE) inhibitory peptides obtained from food 
protein are attaining much value as hypertension treatment (Haque & Chand, 2008). 
Antihypertensive peptides are the most screened peptides in food products fermented 
by probiotic bacteria, which basically rely on proteolytic activities of these probiotics 
(Fujita, Sarkar, Genovese, & Shetty, 2017). These bioactive peptides play an important 
role in blocking the conversion of angiotensin I to angiotensin II which in turn reduce 
blood pressure (Zhang, Roytrakul, & Sutheerawattananonda, 2017). Wang et al. 




antihypertensive activity. (Li et al., 2017) have displayed an increase in ACE activity 
in fermented milk by Lb. casei.  
1.6.2 Cholesterol-Lowering Property 
Hypocholesterolemic activities by bioactive peptides released as a result of 
casein, β-lactoglobulin, soy protein, and fish protein proteolysis, have been extensively 
documented (Hori et al., 2001; Kuda et al., 2016). (Ataie-Jafari, Larijani, Alavi Majd, 
& Tahbaz, 2009) have concluded that consumption of fermented yogurt by Lb. 
acidophillus and B. lactis resulted in remarkable reduction in serum total cholesterol 
throughout clinical trials. Kimchi (Korean traditional food) fermented by different 
strains of Lb. plantarum exhibited an excellent efficiency to remove cholesterol (Park 
et al., 2017a). 
1.6.3 Antioxidant Properties 
Free radicals can lead to cellular destruction, which may give rise to different 
diseases such as diabetic, cancer, arthritis, and arthrosclerosis (D'Souza, Rajkumar, 
Cooke, & Bulpitt, 2002). Fermented food products by probiotic have the capabilities 
to relieve free radical impact (Pessione & Cirrincione, 2016). Recently, peptides are 
emerging as antioxidants in diverse fermented foods. In fermented foods, the 
antioxidant activities of the bioactive peptides could be determined by their capability 
to inhibit lipid peroxidation and scavenge free radicals, beside to metal ion-chelating 
properties (Tamang, Shin, Jung, & Chae, 2016). Peptides demonstrating antioxidant 
activity are mostly wealth in aromatic and/or hydrophobic amino acids (Sarmadi & 
Ismail, 2010). Antioxidant activity has been described in different fermented fishery 




product) displayed the highest antioxidant activity by scavenging DPPH (Aarti et al., 
2017). Several fish species (sardinella, ray, goby and zebra blenny) fermented by B. 
subtilis A26 exhibited high level of antioxidant activity (Jemil et al., 2014). (Mejri, 
Vásquez-Villanueva, Hassouna, Marina, & García, 2017) have isolated bioactive 
peptides from fermented camel sausages inoculated with varied probiotic bacteria. 
Authors confirmed that antioxidant activity was highest of peptides with small 
molecular weight (< 3KDa) in a comparison with larger fractions.  
1.6.4 Anticancer Properties 
Numerous studies have documented the anticancer activities of bioactive 
components in food fermented by probiotic bacteria (Yasuda et al., 2012). In the study 
performed by (Nandhini & Palaniswamy, 2013), fermented goat milk by Lb. 
plantarum and Lb. paracasei displayed reducing viability of HeLa cells (cervical 
cancer cells line) with increase in the concentration of goat milk hydrolysate. While 
(Ayyash, Al-Nuaimi, Al-Mahadin, & Liu, 2018b) have reported anticancer activities 
of fermented camel milk inoculated with probiotic Lb. reuteri and Lb. plantarum 
against the proliferation of Caco-2 (colon cancer cells), MCF-7 (breast cancer cells) 
and HeLa cells, compared to fermented bovine milk. 
1.7 Important of Isolation of New Probiotics   
Recently, the characterization of LAB with potential probiotic properties 
isolated from traditional food products captivates more attention. Numerous studies 
have reported a significant number of species belonging to Lactobacillus, 




al., 2017; Liu et al., 2018; Quattrini et al., 2018). The new probiotic bacteria will be 
extremely beneficial to human health and food manufacturers.  
A novel Lb. paraplantarum D-3 was isolated by (Arasu & Al-Dhabi, 2017) 
from fermented dates in Saudi Arabia. Authors have concluded that fermented date is 
potential source of a novel probiotic strains with antioxidant and antifungal functional 
properties.  
Moreover, (Anacarso et al., 2017) isolated twenty one LABs from ham 
samples, which were identified by PCR as  Lb. paraplantarum–GS54, Lb. plantarum–
GS16 were characterized as the superior bacteriocin-like substance producers 
companied to other 10 LABs.  
1.8 Characterization of Probiotics  
Every potential probiotic strain should possess certain characteristics to be 
considered as a probiotic. Based on the guidelines by Fao/Who (2002), each potential 
probiotic strain must be subjected to several in-vitro tests to evaluate its functionality. 
However, various selection criteria for probiotic have been proposed as in-vitro tests 
for preliminary selection, although the in-vivo tests are considerable (Morelli, 2000).  
1.8.1 Tolerances to the Gastrointestinal Tract (GIT) Conditions 
As per Fao/Who (2002)recommendation, orally administrated probiotic must 
be capable to survive in the host’s GIT to maintain high viability. Gastric and intestinal 
condition in GIT are main barriers of probiotic viability. In the human GIT, the stress 
condition begins from the stomach. The low pH (2.0) and pepsin activity affect 
significantly on probiotic survival. Passage time in the stomach may be from less than 




2008). The potential probiotic bacteria are expected to pass gastric condition with high 
survival population to promote health in the host (Shokryazdan, Faseleh Jahromi, 
Liang, & Ho, 2017). Although pH in the intestine is neutral, the presence of trypsin 
and bile salts are extra obstacles. The potential probiotic should be capable to 
overcome these obstacles with high viability. Yu et al. (2013) have reported noticeable 
LAB survival after exposure to gastric and intestinal condition.  
1.8.2 Probiotics Cell Surface Properties 
To exert the beneficial impact for human health, the probiotics population that 
reach the host’s GIT is recommended to be more than 6.0 log CFU/g (Shah, 2000). 
The ability of probiotic strains to adhere to mucus and intestinal epithelial cells is 
another significant necessity for colonization probiotics in the target site. It is generally 
deemed a prerequisite requirement for colonization (Lee & Salminen, 1995). Thus, the 
adhesion of probiotic to host’s GIT is an essential criterion. Auto-aggregation, 
hydrophobicity and co-aggregation are parameters employed to assess probiotic 
adhesion (Hernández-Alcántara, Wacher, Llamas, López, & Pérez-Chabela, 2018). 
1.8.3 Auto-aggregation  
Auto-aggregation describes the ability of bacterial strain to aggregate with each 
other, in a non-specific manner, which is considered as indicator for colonization 
abilities in host’s GIT to exert its beneficial effects if these bacteria are probiotics (Del 





Cell surface hydrophobicity determines the capability of the potential 
probiotics to adhere to hydrocarbons and form a strong link. This parameter is 
indicator for the probiotic capacity to adhere to the epithelium through the digestive 
tract (Kos et al., 2003). Thus, probiotic strains which have possess high hydrophobicity 
will be more potential to adhere to GIT wall (Shokryazdan et al., 2017). Several studies 
have documented that auto-aggregation (Tareb, Bernardeau, Gueguen, & Vernoux, 
2013) and hydrophobicity tests (Felipe et al., 2017) correlated with adhesion ability of 
probiotic bacteria to epithelial cells (Botes, Loos, Van Reenen, & Dicks, 2008). 
1.8.5 Co-aggregation 
The ability to aggregate between bacteria of variant species known as co-
aggregation (Piwat, Sophatha, & Teanpaisan, 2015). The pathogenic adhesion to 
mucosa can be inhibited by defensive barrier which is formed via direct aggregation 
of probiotic with pathogenic bacteria (Vidhyasagar & Jeevaratnam, 2013). Many 
researchers have reported that co-aggregation in the presence of gut pathogens will 
reinforce probiotic properties and their colonization to gut cells (Amaral et al., 2017b; 
Peres et al., 2014). 
1.8.6 Antimicrobial Activity 
Antimicrobial activity against pathogens is one the key criteria that is preferred 
in the potential probiotic bacteria (Shokryazdan et al., 2017). Antimicrobial activity of 
probiotic strain is imputed to several compounds produced during probiotic growth 
including organic acid, metabolites, and bacteriocins (Zuo et al., 2016). The ability of 




preservatives (Khan, Flint, & Yu, 2010). Bacteriocins are heat-stable peptides that use 
antimicrobial activity against pathogenic bacteria (Nami, Haghshenas, Haghshenas, & 
Khosroushahi, 2015). The results obtained by (Ben Braiek et al., 2017) indicated that 
varied LAB isolates (mainly Enterococcus spp.) from fresh shrimp possessed 
antimicrobial activity against different indicator strains.  
1.8.7 Antibiotic Resistant  
The antibiotic resistance of potential probiotic bacteria is an important aspect 
related to safety assessment of the selected probiotic. The antimicrobial resistant 
probiotic might rise up concerns related to possible hazard of horizontal transmission 
of bacteria resistance to non-resistant pathogens (İspirli, Demirbaş, and Dertli 2017). 
Membrane impermeability and cell wall structure have effectiveness to the natural 
resistance of the potential probiotic strains toward multiple classes of antibiotics 
(Ammor, Flórez, and Mayo 2007). The potential probiotic bacteria are preferred to 
show sensitivity to all antimicrobial/antibiotics constituents (Peres et al., 2014). 
Plessas et al. (2017) have documented the susceptibility of Lactobacillus spp., isolated 
from Feta type cheese toward common antibiotics.  
1.8.8 Bile Salt Hydrolysis (BSH)  
Bile salt hydrolase (BSH) an enzyme might be produced by potential probiotic 
that hydrolyzed the conjugated bile salts. Conjugated bile salt forms micelle with 
cholesterol that improves cholesterol absorption. The hydrolysis of conjugated to 
deconjugated bile salt will reduce cholesterol absorption via host’s intestine 
(Shokryazdan et al., 2017) .  Besides, deconjugated bile salts are capable to co-




ejection of cholesterol (Shokryazdan et al., 2017). It has been hypothesized that 
probiotic strains, in which have BSH activities, possess a selective advantage in bile 
salt-rich conditions. The deconjugated bile salts was proven in vitro by using 
Lactobacillus strains were isolated from chickens (Ramasamy, Abdullah, Wong, 
Karuthan, & Ho, 2010).  
1.8.9 Cholesterol Removal 
Several mechanisms have been postulated to explain cholesterol removal by 
the potential probiotic including; assimilation, binding to the cells surface (A. Kumar 
et al. 2013), incorporation in the cell wall and co-precipitation with deconjugated bile 
(Noh, Kim, and Gilliland 1997). LAB with active BSH have been proposed to reduce 
cholesterol rats via interaction with metabolism of the host bile salt (De Smet, De 
Boever, & Verstraete, 1998). Lactobacillus plantarum EM isolated from kimchi in a 
study conducted by Choi and Chang (2015) reported a high level of cholesterol 
removal. 
1.8.10 Heat Tolerances 
Probiotic strains may be subjected to hardest conditions including heat during 
various manufacturing and storage stages during food production (Aakko, Sánchez, 
Gueimonde, & Salminen, 2014). Poor heat resistant probiotics have restricted their 
application during food manufacturing, such as fermented milk. Heat alters the 
membrane fluidity and cause to macromolecules destabilization such as RNA and 
ribosomes (Guchte & Serror, 2002). Thus, high heat resistant is one of the criteria to 




and Chiang (2017) have isolated a probiotic strain Lactobacillus kefiranofaciens M1 
from Taiwanese kefir grains displayed a good heat resistant.  
1.8.11 Lysozyme Tolerances 
Novel probiotic should resist the impact of lysozyme which is an antimicrobial 
enzyme (EC 3.2.2.17 ) produced in tears, human milk, neutrophil granules, saliva, 
mucus and egg white (Field, 2005). Lysozyme has ability to damage the bacterial cell 
wall of Gram-positive bacteria which are more susceptible to hydrolysis by lysozyme 
compared to Gram-negative (Rada, Splichal, Rockova, Grmanova, & Vlkova, 2010). 
For the selection probiotics in order to use in dairy industry, range of lysozyme 
tolerances is suggested between: 25-35 mg/L (Guglielmotti, Marcó, Golowczyc, 
Reinheimer, & Quiberoni, 2007). LAB strains were isolated from Indian Ladakh 
beverage by Angmo, Kumari, Savitri, and Bhalla (2016) displayed a significant 
resistance toward Lysozyme activities.  
1.8.12 Haemolytic Activity  
One of the main safety aspects for using probiotic strains in food industry is 
investigation of their haemolytic activity where epithelial layer would be broken down 
by probiotic strains. Lack of haemolytic activity in the potential probiotic strains 
indicating that these bacteria are non-virulent (Tejero-Sariñena, Barlow, Costabile, 
Gibson, & Rowland, 2012). Shahid et al. (2017) have reported that Enterococcus 
faecalis and Weilissela sp. isolated from fish (freshwater) were confirmed as negative 




1.8.13 Exopolysaccharides (ESP) Production 
ESP play a main role in the cells protection against toxic metals in the 
environment, bacteriophage attack and desiccation, host innate immune factors 
(Zannini, Waters, Coffey, & Arendt, 2016). Furthermore, ESP that is produced by 
probiotics strains are widely applied in the dairy food industry to enhance the 
rheological properties, improve texture and taste of the products (Caggianiello, 
Kleerebezem, & Spano, 2016). Probiotic bacteria are able to produce extracellular 
polysaccharides (ESP) would be highly regarded. It has suggested that ESP might 
associate to numerous health benefits attributed to probiotic strains, such as cholesterol 
lowering ability, antihypertensive effect, modulation of fecal microbiota and 
epithelium protection against intestinal pathogenic (Bengoa et al., 2018). Dertli, 
Mercan, Arıcı, Yılmaz, and Sağdıç (2016) have documented ESP production by Lb. 
sanfranciscensis ED5, Lb. rossiae ED1, Lb. brevis ED25 and Lb. plantarum ED10 
which isolated from Turkish wheat sourdough. 
1.9 The Novel of Isolating Probiotics from Traditional Foods 
Due to all health benefits of probiotics and/or fermented food products by these 
probiotics, researchers are enthusiastic to search new novel probiotics. A 13 LAB 
strains were isolated by (Manini et al., 2016) from wheat bran sourdough and identified 
as the following: 7 isolates belonged to Lactobacillus, 4 Leuconostoc spp., and 2 
Pediococcus spp. The authors concluded that wheat bran sourdough was a rich source 
of novel LAB bacteria with promising potential probiotic characteristics. Nine isolates 
could be employed in food industry due to EPS production and antifungal activity 
(Manini et al., 2016). The limitation of (Manini et al.) study was in bile tolerance 




antimicrobial activities of the isolated LABs were performed against only Listeria spp.  
Borović, Velebit, Vesković, Lakićević, and Baltić (2017) have isolated 50 LABs from 
Užička (fermented dry sausage) during fermentation and identified these LABs via 
16S rRNA method. The predominant bacteria in Užička sausage were Leuconococcus 
mesententeroides, Lb. brevis, and Lb. sakei. Authors have reported several industrial 
characteristics, but no probiotic claims, for the identified strains.  
Two Lb. plantarum strains (ULAG11 and ULAG24) have been isolated from 
fermented cereals by Oguntoyinbo and Narbad (2015). Lb. plantarum ULAG24 have 
produced bacteriocin which affect pathogens adversely. Both strains exhibited good 
resistant against acid and bile salts. The adhesion to HT29 cells line and BALB/C gut 
were demonstrated by Lb. plantarum ULAG24. In this study, a lack of adding pepsin 
in to test acid tolerance that has great influence on LAB survival.   
 Abbasiliasi et al. (2012) have isolated 11 LAB strains from dried crude and 
selected Pediococcus acidilactici kp10 as novel probiotic. This Pediococcus 
acidilactici exhibited phenol tolerance, antimicrobial activity against food-borne 
pathogens, non-hemolytic, and peptidase and esterase-lipase production. Based on 
these features,  Pediococcus acidilactici has promising probiotic in food industry as 
authors mentioned (Abbasiliasi et al., 2017). Authors did not assess the tolerances 
toward gastric and bile condition. To the best of our knowledge, no attempts have been 
carried out to isolate lactic acid bacteria from fish products in UAE.  
1.10 Fish and Fish products in the World and UAE 
For millions of people around the world, fish and fish products continue 
essential sources of food, income and nutrition (FAO, 2017). Based on Food and 




and aquaculture were 92.7 and 81.4 million tones, respectively (FAO, 2017). The 
consumption of capture fisheries and aquaculture per capita were 9.6 and 10.9 kg, 
respectively (FAO, 2017). Fish remains to be one of the most commonly traded food 
commodities in the world. The international organizations indicate that inland and 
oceans possess a great potential to contribute significantly to global food security.   
Arabian Gulf waters including its coastlines, fisheries and islands are of 
essential value to the UAE residents (Environment, 2017). Historically, fishing along 
UAE coast was substantial and of major economic significance (Walker, 1998). 
According to a report by the UAE ministry of climate change & environment 
(MOCCA), fish caught in the UAE was estimated by 73202 tons in 2013. While the 
aquaculture production between 2005-2014 reached to 5918 tones (Tolon 2017). In 
2011, FAO reported that the estimation of fish consumption in the Gulf Cooperation 
Council (GCC) averaged by 10 Kg per capita/year, and UAE heads regional fish 
consumption ratings at 24 Kg capita/year (FAO, 2011). 
1.11 Dried Fish and Fish Products in UAE 
Fish is one of the most perishable foods and it is characterized as low acid food. 
Therefore, processing and storage fish and fish products should be performed speedily 
to inhibit the growth of spoilage microorganisms. Drying is technique for fish 
preservation, where water content in the fish flesh is minimized by certain dry 
methods, and that way protect the fish against spoilage bacteria (Fellows & Hampton, 
1992). 
In UAE, several dried fish products are consumed by UAE national on weekly 
bases.  Shark, Prawns, Sardines, Anchovies, Awal and Gashr are main fish types which 




efficient, easy to apply, cheap in price and preserves surplus fish caught. Other species 
are available in the market, as salted and dried, such as tuna, queenfish, and kingfish, 
while dried shrimps and oysters are less common in the UAE fish market (Walker, 
1998). 
1.12 The Thesis Objectives 
The dried fish with low water activity would be good source to isolate lactic 
acid bacteria with potential probiotic and industrial characteristics. This project was 
an adding value to scientific efforts to improve the health-promoting benefits of fish 
food products and to present new novel lactic acid bacteria possessed excellent 
probiotic characteristics.  
The objectives of the present thesis were: 1) to isolate novel lactic acid bacteria 
with potential probiotics characteristics. 2) to examine the presence of virulence genes 
in selected LAB. 3) to investigate the probiotic characteristics of selected LAB 
including physiological properties, gastric and intestinal tolerances, bile salt tolerance, 
cell surface properties (hydrophobicity, autoaggregation, co-aggregation), bile salt 
hydrolysis (BSH), cholesterol removing, exopolysaccharide (EPS) production, 
hemolytic and antimicrobial activities, antibiotics susceptibility, and resistance to heat 
and lysozyme. 4) to in-vitro investigate the health-promoting benefits of fish sausage 
fermented by selected LABs showed excellent probiotic characteristics. The health-
promoting benefits of the fermented product have been tested in-vitro including degree 
of hydrolysis, antioxidant activities (ABTS, DPPH), antidiabetic activities by 
inhibiting α– glucosidase and α–amylase, ACE-inhibition and total phenolic 




Chapter 2: Methodology 
 
2.1 Isolation Novel LAB with Potential Probiotic Characteristics 
2.1.1 Sample Collection 
In this work 150 dried fish products (anchovy, shark, Gash) samples were 
collected from different fish markets in the UAE included: Abu Dhabi, Dubai, Sharjah 
and Al Ain. Samples were immediately transported to our food microbiology lab at 
United Arab Emirates University (UAEU) to isolate lactic acid bacteria (LAB). In this 
study, all used chemicals were obtained from Sigma-Aldrich (St. Louis, Mo, USA) 
unless otherwise stated. For all anaerobic incubation, the anaerobic jar system from 
Don Whitley Scientific Limited (West Yorkshire, UK) was employed. 
2.1.2 Isolation of Lactic Acid Bacteria (LAB) 
A 11 g of the dried fish sample was mixed with 99 mL MRS broth 
supplemented with 2% NaCl followed by blending for 2 min. The blended mixture 
was incubated for 24 h at 37°C. Afterward, a streak-plate method on MRS agar 
(Lab M, Lancashire, UK) was performed to isolate LAB from the blended mixture. 
Plates were incubated anaerobically for 24 h at 37oC. Gram stain and catalase test were 
performed for 150 colonies with different morphologies. Only 85 different isolates 
were Gram-positive and catalase negative. To maintain purity, Gram-positive and 
catalase-negative colonies were sub-cultured in MRS broth (Lab M) and incubated for 
24 h at 37°C. Each cultured isolate was centrifuged at 5000 x g at 4°C for 10 min. 
After supernatant was decanted, 1 mL glycerol solution (50% w/v in MRS broth) was 




2.1.3 Stimulated Gastrointestinal Tract 
The tolerances against gastric and intestinal conditions were assessed 
according to procedure described by Saelim, Jampaphaeng, and Maneerat (2017) with 
minor modifications. The 85 LAB isolates were activated in MRS broth for 18 h at 
37°C and centrifuged at 5000 x g at 4°C for 10 min. The harvested pellets were washed 
in sterilized distilled water followed by centrifugation at 5000 x g at 4°C for 10 min. 
The pellets were suspended in 1 mL sterilized peptone water (1% w/v). An aliquot 
(100 µL) of the suspended pellets were inoculated in 2 mL of 0.1 M phosphate buffer 
pH 2.0 containing 3 mg/mL pepsin. The mixture was kept for at 37°C for 2 h. For 
intestinal condition, the aliquot (100 µL) of the suspended pellets were inoculated in 
2 mL of 0.1 M phosphate buffer pH 8.0 containing 1 mg/mL trypsin and 0.3% oxgall. 
The mixture was incubated at 37°C for 6 h. The viable cells were enumerated on MRS 
agar at t=0 h as a control and after incubation where t=2 h for gastric and t=6 h for 
intestinal conditions. Plates were incubated anaerobically at 37°C for 48 h.   Plates 
with 20 to 250 colonies were enumerated. 
2.1.4 Bile Salts Tolerance 
Bile tolerance of  LAB isolates was performed according to Liong and Shah 
(2005a). MRS broth (Lab M) containing 1.0% oxgall, 0.03% cholic acid, and 1.0% 
taurocholic acid were prepared, separately. A 300 L of the supplemented MRS was 
aseptically placed in sterilized 96-well plate. An aliquot (20 L) was inoculated in the 
300 L well. An inoculated MRS without bile salts was employed as control. The 96-
well plate was incubated at 37°C in temperature-controlled Epoch™ Microplate 




was measured at 620 nm at different incubation times 0, 3, and 6 h. Prior to each 
absorbance time shaking for 5 sec was applied using shaker in the microplate 
instrument. The following formula was used to calculate the growth suppression (%) 
by bile salts: 
% 𝑜𝑓 𝑠𝑢𝑝𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 = (
𝐴𝑏𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠 𝑏𝑖𝑙𝑒
𝐴𝑏𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
) ×  100 
 
2.1.5 Identification of Selected Isolates by 16S rRNA Sequencing 
The DNA extraction was performed using overnight activated culture of 
selected LAB isolates in MRS broth (Lab M) using the DNeasy UltraClean Microbial 
Kit (Qiagen, Carlsbad, CA, USA) according to the manufacturer's instructions 
(Appendix 1) and stored at -20oC until further analysis. According to the method 
described by (Ayyash et al., 2018a) analysis of 16S rRNA sequence was achieved for 
selected LABs identification by using the PCR primers 27F (5′- 
AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-TACGGYTACCTTGTTACG-
ACTT-3′) during amplification. Based on the following manufacturer's protocol 
(Qiagen, Cat No./ID: 201443). The PCR mixture was designed and undergone to first 
denaturation at 94oC for 2 min followed by 35 cycles of heating at 94oC for 20s, primer 
annealing at 53oC for 20s and extension at 70oC for 1.5 min. While the final extension 
was performed at 70oC (5 min) for one cycle. Agarose electrophoresis (PowerpacTM 
Basic, Bio-Rad, California, USA) was carried out to confirm the presence of PCR 
products. The images are presented in Appendix 2, using 50 pb DNA step Ladder as a 
marker (Qiagen). The services of Macrogen Sequencing (http://dna.macrogen.com, 




BLAST algorithm was performed to align DNA sequences with NCBI database. 
Accession number for selected LAB isolates were obtained by GenBank, which are 
displayed in Table 3. The neighbor-joining method was created according to Saitou 
and Nei (1987) to determine the closest bacterial species by using MEGA software 
7.0. 
2.2 Safety Assessment of Selected LAB Isolated 
2.2.1 Screening for Virulence Genes  
The exist of virulence genes was carried out using PCR method described by 
Hwanhlem, Ivanova, Biscola, Choiset, and Haertlé (2017). A selected LABs isolates 
were evaluated for the presence of nine virulence genes: agg (aggregation protein 
involved in adherence to eukaryotic cells), asa1 (aggregation substance), ace (collagen 
protein adhesion), efaAfs (cell wall adhesion), esp (enterococcal surface protein), cylLs 
and cylLL (cytolisin structural subunits), gelE (gelatinase) and hyl (hyaluronidase). 
PCR test was performed using T100TM Thermal Cycler (Bio-Rad, California, USA), 
DNA extracted from each isolate and particular primers demonstrated in Table 1. The 
reaction mixture (total volume 25 µL) were prepared by 40 ng of DNA template, 5 µL 
of 5x BioAmp master mix and 0.2 µM of each primer. The PCR procedure was as 
follow (Table 1): initial denaturation at 94oC (15 min as first denaturation step), 35 
cycles of denaturation at 94oC (1 min), annealing at particular-primer temperature (1 
min), extension step at 72oC (1 min), followed by final extension at 72oC (5 min). 
Electrophoresis unit (PowerpacTM Basic, Bio-Rad) was employed to separate amplicon 
bands at 100V in 1.0% (w/v) agarose gels with ethidium bromide (0.5 mg/mL) in 0.1 




document gel results. Gels images are presented in Appendix 3, 1 kb Plus ladder was 














       Table 1: Primers employed for the determination of virulence genes in the selected LAB strains 
Target gene Sequence ( 5`- 3`) 
Annealing 
temperature 
Product size (pb)      Reference 
cylLL cylLL1 GATGGAGGGTAAGAATTATGG 55 ºC 253 (Semedo et al., 2003) 
 cylLL2 GCTTCACCTCACTAAGTTTTATAG    
cylLS cylLS1 GAAGCACAGTGCTAAATAAGG 55 ºC 580 (Semedo et al., 2003) 
 cylLS2 GTATAAGAGGGCTAGTTTCAC    
asa1 ASA 11 GCACGCTATTACGAACTATGA 56 ºC 375 (Vankerckhoven et al., 2004) 
 ASA 12 TAAGAAAGAACATCACCACGA    
gelE GEL 11 TATGACAATGCTTTTTGGGAT 45 ºC 213 (Vankerckhoven et al., 2004) 
 GEL 12 AGATGCACCCGAAATAATATA    
esp ESP 14 F AGATTTCATCTTTGATTCTTGG 56 ºC 510 (Vankerckhoven et al., 2004) 
 ESP 12R AATTGATTCTTTAGCATCTGG    
hyl HYL n1 ACAGAAGAGCTGCAGGAAATG 56 ºC 576 (Vankerckhoven et al., 2004) 
 HYL n2 GACTGACGTCCAAGTTTCCAA    
efaAfs TE5 GACAGACCCTCACGAATA 54 ºC 705 (Eaton & Gasson, 2001) 
 TE6 AGTTCATCATGCTGTAGTA    
agg TE3 AAGAAAAAGAAGTAGACCAAC 52 ºC 15,533 (Eaton & Gasson, 2001) 
 TE4 AAACGGCAAGACAAGTAAATA    
ace acef: GAATTGAGCAAAAGTTCAATCG 56 ºC 1008 (Omar et al., 2004) 




2.2.2 Antibiotic Susceptibility 
The susceptibility of selected LAB isolates to six antibiotics was performed 
according to the procedure detailed in (Das, Khowala, & Biswas, 2016). The 
ampicillin (AMP; 10 µg), erythromycin (ERY; 15 µg), clindamycin (CLI; 2 µg), 
trimethoprim (TRI; 25 µg), vancomycin (VAN; 30 µg), Penicillin (PEN; 10 µg) discs 
and Cartridge dispenser were purchased from Oxoid (Oxoid, Thermo-Fisher Scientific 
Inc., Hampshire, UK). Six antibiotic discs were dispensed on MRS agar spread by 
selected LAB. The diameters of inhibition zone (mm) were measured using calibre. 
2.2.3 Haemolytic Activity 
Haemolytic activity of LAB strains was investigated on Colombia blood agar 
containg 5% sheep blood (Himedia, Mumbai, India) as described by Angmo et al. 
(2016). Freshly cultured LAB strains were streaked on the CBA plates and incubated 
at 30oC for 48 h. LAB isolates showed non-hemolytic or ɤ-hemolytic (no clear halos) 
were considered as potential probiotics, whereas those possessing complete hemolytic 
or β-hemolytic (clear hemolysis zone), and strains having partial hemolytic or α-
hemolytic (greenish halo) were rejected.  
2.3 Evaluation of Probiotic Characterization 
2.3.1 Autoaggregation 
Autoaggregation was carried out using the method described by Collado, 
Meriluoto, and Salminen (2008). Selected LAB isolates were cultured in MRS 
(Lab M) broth for 16-18h at 37oC. Cells were harvested by centrifugation at 5000 x g 
for 5 min at 5oC. The harvested pellets were washed by 0.1 M phosphate buffer 




achieve (107-108 CFU/mL) and absorbance (A600nm) to 0.25. The bacterial suspension 
(4 mL) was vortexed for 10 s and incubated at 37oC for 4 h. The absorbance at 600 nm 
was taken for the incubated sample at 0 h, 3 h, and 4 h. Autoaggregation %  was 
calculated according to the following equation: 
𝐴𝑢𝑡𝑜𝑎𝑔𝑟𝑒𝑔𝑔𝑎𝑡𝑖𝑜𝑛 % = [1 −  
𝐴𝑡
𝐴0
] ×  100 
 
Where At indicate to absorbance at time t and A0 indicate to absorbance at t=0. 
 
2.3.2 Hydrophobicity  
Cell hydrophobicity of selected LAB isolates was achieved based on the 
method described by Mishra and Prasad (2005). Hydrophobicity was examined toward 
three hydrocarbons xylene, octane, and n-hexadecane. Selected LAB isolates were 
cultured in MRS (Lab M) broth for 16-18h at 37oC. Cells were harvested by 
centrifugation at 5000 x g for 5 min at 5oC. The harvested pellets were washed by 0.1 
M phosphate buffer solution (PBS) at pH 6.8-7.0. The suspension absorbance at 600 
nm modulated to 0.400 units. In dry and sterilized culture tube, 5 mL of cell suspension 
was mixed with 1 mL of the hydrocarbon (xylene, octane, or n-hexadecane, separately) 
by vortexing for 2 min. The mixture was kept steady for 1 h at 37oC to have phase 
separation. Carefully, the lower aqueous phase was transferred by micropipette to UV 
cuvette (3 mL). The absorbance at 0 h (A0) was recorded at 600 nm and after 18 h. The 








Where A0= initial absorbance at 0 h and A= absorbance at 18 h. 
2.3.3 Pathogenic Strains   
 Four pathogens which have high associated with foodborne outbreaks, were 
selected. They were Escherichia coli O157:H7 1934, Listeria monocytogenes ATCC 
7644, Staphylococcus aureus ATCC 15923, and Salmonella typhimurium 02-8423, 
were obtained from Prof. Richard Holly Laboratory, University of Manitoba, Canada, 
except Listeria monocytogenes ATCC 7644 which was purchased from DSMZ, 
Braunschweing, Germany. 
2.3.4 Co-aggregation  
 Co-aggregation were carried out based on methods described by Zuo et al. 
(2016). Cells suspensions prepared as in section 2.7.1. Equivalent amount (1 mL) of 
cells suspensions and cell suspension of the four pathogenic strains, separately, 
activated in Brain heart infusion (BHI) broth at 37oC. The absorbance of the mixture 
was recorded at 0 h (A0) at 600 nm followed by incubation at 37
oC for 4 h without 
agitation. The absorbance of the incubated mixture was measured at 2 h and 4 h (At). 




 ×  100 
 




2.3.5 Antibacterial Activity 
Disc diffusion methods detailed by Mishra and Prasad (2005) was employed 
to screen the antimicrobial activity. Prior the assay, selected LAB isolates and 
indicator pathogens were cultivated in MRS and BHI broths, respectively, for 
overnight at 37oC. The BHI agar inoculated with indicator pathogen was poured in 
Petri dish and kept to solidify for 2 h under laminar flow. Six 5-mm wells were made 
in each BHI agar plate. After adjusting the pH of cell-free supernatant of selected LAB 
to pH 6.5 ± 0.1 by 1 M NaOH, an aliquot of 50 µL was transferred into 5-mm well and 
incubated aerobically for 24 h at 37°C. One mm or more of clear inhibition zone (mm) 
in around the well deemed positive inhibition.    
2.3.6 Exopolysaccharides (ESP) Production  
The ability of LAB strains to produce ESP was examined according to Angmo 
et al. (2016). Ruthenium red milk agar was prepared by adding sucrose; 1.0% (w/v), 
skim milk powder 10% (w/v) (Regilait; Saint Marin-Belle Roche, France), agar 1.5% 
(w/v), and ruthenium red 0.08 g/L. The freshly cultivated LAB strains were streaked 
on ruthenium red milk agar. LAB produced a white ropy colony was considered as 
ESP positive.  
2.3.7 Bile Salts Hydrolysis (BSH) 
BSH activity was determined by measuring the quantities of amino acids 
librated from conjugated bile salts by LAB isolates as described by Liong and Shah 
(2005b). Bacterial cells cultured for 20 h at 37oC in MRS broth (Lab M) were 
centrifuged at 4000 x g for 15 min at 4oC. Sterilized distilled water was used for 




6.0). Cell suspension was sonicated by sonicater bath 2510 (Branson, Danbury, CT, 
USA) for four time of 1 min interval. Cell suspension was cooled in ice bath for 2 min 
between each sonication interval. Afterwards, cell suspension was centrifuged at 
10000 x g for 5 min at 4°C. An aliquot of 100 µL of the cell suspension was mixed 
with 1.8 mL of 0.1M PBS (pH 6.0) and 100 µL of tested bile solution including 6 mM 
sodium glycocholate, 6 mM sodium taurocholate or 6 mM conjugated bile salt mixture 
(taurocholic acid, taurodeoxycholic acid, taurochenodeoxycholic acid, glycocholic 
acid and glycochenodeoxycholic acid). The 2 mL mixture was incubated for 30 min 
in water bath at 37oC. Enzymatic reaction was stopped by adding 500 µL of 
trichloroacetic acid (15% w/v). The mixture was centrifuged at 5000 x g for 15 min at 
4oC. A 500 µL of supernatant was mixed with 1 mL of distilled water, 1 mL of 
ninhydrin reagent (500 µL of % ninhydrin in 0.5 M citrate buffer pH 5.5), 2 mL of 
30% glycerol and 0.2 ml of 0.5M citrate buffer pH 5.5. The total mixture was vortexed 
for 30 s followed by boiled at 100°C for 15 min and then allowed to cool at room 
temperature. The absorbance of the mixture was measured at 570 nm (Epoch™ 
Microplate Spectrophotometer). Glycine was employed as external standards. One 
unit of BSH activity was determined as one µmol of amino acid was liberated by 
enzyme substrate/min. Protein concentration was measured by using Bradford assays 
described by Bradford (1976) using 96-well method.  
2.3.8 Cholesterol Removal 
The capability of selected LAB strains remove cholesterol was assessed 
according to Miremadi, Ayyash, Sherkat, and Stojanovska (2014). To make 
cholesterol a stock solution; 30 mg of water-soluble cholesterol (polyoxyethancyl-




sterilized (0.45 µm(. A 100 µL of cholesterol stock was mixed with 9.9 mL of MRS 
broth (Lab M) supplemented with 0.3% oxgall to achieve final cholesterol 
concentration 100 µg/mL. The later was inoculated with selected LAB strain at a rate 
of 1% and incubated for 20 h at 37oC. Afterwards, bacterial cells were removed by 
centrifugation at 4000 x g for 15 min at 4oC. An aliquot (1 mL) of supernatant, 2 mL 
of 96% ethanol, and 1mL of KOH (33% w/v) were mixed and vortexed for 1 min. The 
mixture was incubation for 15 min at 37oC by using water bath (WSB-18; Wisd, Witeg 
Labortechnik) and subsequently cooled at room temperature. Distilled water (2 mL) 
and hexane (3 mL) were added to the mixture and vortexed for 1 min. The mixture 
was allowed to stand till two phases were separated. One milliliter of upper hexane 
layer was transferred into dried and sterile tubes and evaporated under nitrogen gas. 
Two milliliters of o-phthalaldehyde (OPA) reagent (50 mg of OPA in 100 mL glacial 
acetic acid) was added to the dried tube. A 0.5 mL of concentrated sulphuric acid 
(98%) was added followed by vortex for 1 min. The mixture was kept steady for 10 
min at room temperature. The absorbance at 550 nm was recorded by using UV-
spectrophotometer (Epoch™ Microplate Spectrophotometer). The concentration 
cholesterol residues were calculated based on external standard curve. The rate of 
cholesterol removal as follows equation:  
% of cholesterol removed
=
100 − 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑐ℎ𝑜𝑙𝑒𝑠𝑡𝑒𝑟𝑜𝑙 𝑎𝑓𝑡𝑒𝑟 𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛
100
 ×  100 
 
2.3.9 Heat Resistance 
Heat resistance of selected LAB isolates was performed according to the 




MRS broth (Lab M) were centrifuged at 5000 x g, for 15 min at 5oC. The bacterial 
pellets were washed twice with 0.1M PBS adjusted pH 7.5. Cells pellets were 
suspended in sterilized 10% skim milk and heated in water bath at 60oC for 5 min. 
Afterwards, the heated tubes immediately were cooled in ice bath. The LAB isolate 
was enumerated before and after heating on MRS agar and incubated anaerobically at 
37°C for 48 h. 
2.3.10 Lysozyme Tolerance 
Selected LAB resistance was evaluated against lysozyme activity during 90 
min at 37oC as described by Vizoso Pinto, Franz, Schillinger, and Holzapfel (2006). 
Overnight activated LAB isolate was harvested at 4000 x g for 10 min at 4oC and 
washed twice with 0.1M PBS (pH 6.5). The washed pellets were suspended in 10 mL 
0.1M PBS (pH 6.5) supplemented with lysozyme to reach final concentration 0.1 
mg/mL. Cell viability was enumerated on MRS agar (Lab M) incubated at 37oC for 48 
h anaerobically. 
2.4 Investigate the Health-promoting Benefits of Fish Sausage Fermented by 
Selected LABs 
2.4.1 Culture Propagation for Fish Sausage 
For culture activation, an aliquot 100 µL of selected LAB stock was transferred 
into 9.9 mL MRS broth (Lab M) and incubation for 24 h at 37oC. Prior to each 
experiment, two successive cultures were conducted in MRS broth (Lab M). The 
commercial starter culture for sausage fermentation consisted of Pediococcus 
pentosaceus and Staphylococcus carnosus (positive control) was kindly provided by 




2.4.2 Fish Sausage Making 
Frozen fish fillets were purchased from local market in Al-Ain, UAE. The 
fermented fish sausages were prepared according to Sachindra and Mahendrakar 
(2010) with minor modifications. The fish sausage formula contained 560 g fish meat, 
14.3 g salt, 10.7 g sugar, 1.4 g sodium tripolyphosphate, 0.8 g pepper powder, 0.8 g 
garlic powder, 65 g cornstarch, 35 mL refined vegetable oil and 70 mL chilled water. 
The fish fillets were mixed with other ingredients (700 g) followed by mincing using 
meat mincer. The activated culture in MRS broth was centrifuged at 4000 x g for 10 
min at 4oC and suspended into 0.1M PBS (pH 6.5). The minced mixture was inoculated 
with active culture at rate 107-108 CFU/kg under laminar hood. The inoculated minced 
mixture was stuffed in 3-cm diameter collagen casings followed by vacuum-packaging 
in vacuum-packaged bags (2.4 oxygen transfer rate cc/100in2/24h at 73F, 0.36 
moisture vapor transfer g/100in2/24h at 100F) using vacuum packaging machine 
(Vac-Star S-225 MP; VAC-STAR AG, Sugiez, Switzerland). The vacuum-packaged 
fish sausages with pH 6.5 were fermented at 37°C till pH reached to reach < 5.0 
(approximately 24 h). Then, the fermented fish sausages were stored for 21 days at 
4oC. A positive control was sausages inoculated with commercial starter culture, while 
a negative control was non-inoculated sausages. Samples were taken at 0 (before 
fermentation), 7, 14 and 21 days of storage. The whole experiments were repeated in 
triplicates.      
2.4.3 LAB Enumeration 
Enumeration of the LAB population in fermented sausages according to 
Sachindra and Mahendrakar (2010). A 11 g of fermented sausage sample was blended 




400 Cirulator; Seward, Worthing, UK) for 2 min. The blended was subjected to proper 
serial dilutions by using 0.1% (w/v) peptone. The LAB populations were enumerated 
using MRS agar (Lab M) in duplicate and incubation anaerobically for 48 h at 37oC.  
2.4.4 Water-Soluble Extract (WSE) 
The WSE was prepared according to the method detailed in (Van Ba et al., 
2017). A 15 g of fermented fish sausage was mixed with 60 mL of deionized distilled 
water (dd-water) and homogenized for 30 s at 20,000 rpm with an Ultra-
Turrax T25 (Janke & Kunkel IKA Staufen, Germany). The resulted homogenates were 
filtered via No.1 Whatman® filter paper. The clear filtrate was stored at -20oC for 
further analysis. Prior to each assay, the stored WSE was vortexed for 1 min followed 
by centrifugation for 5 min at 10,000 x g. 
2.4.5 Degree of Hydrolysis (DH%) 
Degree of hydrolysis (DH%) was measured employing the OPA assay 
described by Sah, Vasiljevic, McKechnie, and Donkor (2014) with a minor 
modifications. The OPA reagent was prepared freshly by mixing 25 mL of sodium 
tetraborate buffer (100 mM; at pH 9.3), 2.5 mL of sodium dodecyl sulphate (20%, 
w/v), 40 mg of OPA dissolved in 2 mL methanol, and 100 µL of β-mercaptoethanol 
in 50-mL volumetric flask. The dd-water was used to top up the volume of the 50-mL 
flask. In 96- well plate, 60 µL of each WES sample was mixed with 240 µL of OPA 
reagent per well. The mixture was incubated at room temperature for 2 min. The 
absorbance was determined at 340 nm by using a UV-spectrophotometer (Epoch™ 








 ×  100 
 
Where, htot the total number of peptide bonds per protein equivalent which had 
a value = 7.6 mEq/g protein (Nielsen, Petersen, & Dambmann, 2001), while h is the 
number of hydrolysed bonds, which was calculated by using the following equation: 
ℎ =  




For meat, α = 1.0 and β = 0.40 mEq/g protein (Nielsen, Petersen, & Dambmann, 2001) 






 ×  𝐶𝑜𝑛. 𝑜𝑓 𝑆𝑒𝑟𝑖𝑛𝑒 𝑆𝑡𝑑 (
𝑚𝐸𝑞
𝐿
) ×  𝑉 ×  
100
𝑋
 ×  𝑃 
 
Where, V = final volume make-up of the sample, liter; X = weight of meat sample, g; 
P = protein% (w/w) in sausage sample.  
2.4.6 Lipid Peroxidation by TBAR Test 
TBAR (thiobarbituric acid reactive substances) was measured 
spectrophotometrically according to method of Berardo et al. (2016) with minor 
modifications. To 5 g of each fish sausage sample was mixed with 17.5 mL of 4% 
perchloric acid HClO4, and 0.5 mL of 7.5% butylated hydroxyanole (BHA) in ethanol. 
The mixture was homogenized for 30 s at 20,000 rpm with an Ultra-Turrax T25. The 
homogenates were filtered by No.1 Whatman® filter paper and 5 mL of each filtrate 




(0.432g of thiobarbituric acid in 150 mL of dd-water) the mixtures were heated in 
water bath at 80oC for 1 h and subsequently cooled in cold water bath. The absorbance 
was measured at 532 nm by using UV-spectrophotometer (Epoch™ Microplate 
Spectrophotometer). Where the TBARs value was presented as mg malonaldehyde/kg 
(mg MDA/kg). 
2.4.7 Total Phenolic Compounds (TPC) 
TPC assay for WSEs was measured by using the Follin-Ciocalteu reagent. 
WSE (0.5 mL) was mixed with 0.5 mL of Follin-Ciocalteu reagent and vortexed for 
30 s followed by dark-incubation for 3 min at room temperature. A 10 mL of sodium 
carbonate solution (75 g/L) and 5 mL of dd-water were added to the mixture, and 
vortexed before incubation the mixture at room temperature for 1 h in the dark. The 
absorbance was measured at 750 nm. The TPC was presented as mg gallic acid 
equivalents.  
2.4.8 α-Amylase Inhibition Assay 
α-Amylase inhibition was performed as described by Ayyash et al. (2018b). α-
amylase from human salivary (1.0 unit/ml, Sigma) (100 µL) was mixed to 100 µL of 
WSE and the resulting solution was pre-incubated for 5 min at 37oC. To start the 
reaction, 1% corn starch solution (250 µL) dissolved in 20 mM PBS buffer (pH 6.8) 
as a substrate. The mixture was incubated for 5 min at 37oC followed by adding 200 
µL DNS reagent (1% 3,5-dinitrosalicylic acid and 12% sodium potassium tartrate in 
0.4M NaOH). The whole mixture was heated at 100oC for 15 min using water bath 
followed by adding 2 mL of dd-water then cooling in an ice bath. The absorbance at 




𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 % = (1 −  
𝐴𝑏𝑠 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑠 𝑏𝑙𝑎𝑛𝑘
𝐴𝑏𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
)   ×  100 
 
2.4.9 α-Glucosidase Inhibition Assay 
α-Gulcosidase inhibition assay was performed based on to the method of Kim, 
Wang, and Rhee (2004) with minor modifications described in (Ayyash et al., 2018b). 
α-Glucosidase (1 unit/ml) in 100 µL of 0.1M PBS (pH 6.8) was mixed with 50 µL of 
WSE followed by incubation for 5 min at 37oC. An aliquot (50 µL) of 5 mM p-
nitrophenyl α-D-glucopyranoside (pNPG) was added to the resulting solutions. The 
later mixture was incubated for 30 min at 37oC. The reaction was terminated by adding 
1 mL of 0.1M Na2CO3. The absorbance of the released p-nitrophenol was measured at 
400 nm. A mixture without pNPG (the substrate) was prepared as a blank and the 
mixture without the WSE sample was considered as a control. The percentage of α-
Glucosidase inhibition was determined as follows: 
𝛂 − 𝑮𝒍𝒖𝒄𝒐𝒔𝒊𝒅𝒂𝒔𝒆 𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 % = (𝟏 −
𝑨𝒃𝒔 𝒔𝒂𝒎𝒑𝒍𝒆 −  𝑨𝒃𝒔 𝒃𝒍𝒂𝒏𝒌
𝑨𝒃𝒔 𝒄𝒐𝒏𝒕𝒓𝒐𝒍
) ×  𝟏𝟎𝟎 
 
2.4.10 Antioxidant Activity 
2.4.10.1 Radical Scavenging Rate by DPPH Assay 
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical was employed to evaluated 
the WSE's capability to scavenge free radical according to method detailed by Elfahri, 
Vasiljevic, Yeager, and Donkor (2016) with a minor modifications. The DPPH reagent 
was prepared by dissolving 0.1mM DPPH in 95% methanol. In glass test tubes, 800 
µL of the DPPH reagent was added to 200 µL of each WSE sample. After vigorously 




Methanol was employed as a blank. After incubation, the absorbance reduction was 
determined at 517 nm by UV-spectrophotometer (Epoch™ Microplate 
Spectrophotometer). The radical scavenging activity percentage was presented as a 
scavenging rate %: 
𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 % = (1 −
𝐴𝑏𝑠 𝑠𝑎𝑚𝑝𝑙𝑒
𝐴𝑏𝑠 𝑏𝑙𝑎𝑛𝑘
) ×  100 
 
2.4.10.2 Radical Scavenging Rate by ABTS Assay 
To assessment of radical scavenging activity by using 2,2´-azino-bis(3-
ethylbenzo-thiazoline-6-sulphonic acid) (ABTS•+) was carried out according to the 
method of Ayyash et al. (2018b). The ABTS stock was prepared by mixing 2.6 mM 
potassium persulphate and 7.4 mM ABTS in equal quantities. The mixture was 
allowed to react in the dark for 12 h at room temperature. ABTS reagent was prepared 
freshly through mixing 1 mL of ABTS stock with 50-60 mL buffered methanol and 
equilibrated at 30oC to achieve an absorbance of 0.70 ± 0.02 at 734 nm. Two milliliters 
of an ABTS reagent were added to 20 µL of a properly diluted solution of WSE in 
double distilled water, before incubation for 6 min at 30oC. The mixture absorbance 
was measured at 734 nm. While 20 µL of dd-water was added instead of the WSE 
sample as a blank. Determination the radical scavenging activity was calculated as 
follows: 
𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 % = (
𝐴𝑏𝑠 𝑏𝑙𝑎𝑛𝑘 −  𝐴𝑏𝑠 𝑠𝑎𝑚𝑝𝑙𝑒
𝐴𝑏𝑠 𝑏𝑙𝑎𝑛𝑘





2.4.11 ACE- Inhibition 
ACE-inhibition activity of WSEs was examined according to procedure 
described by Ayyash et al. (2018b). A 5 mL of WSEs was dissolved in 1 mL of Tris 
buffer (50 mM, pH 8.3) supplemented with 300 mM NaCl. The ACE enzyme (from 
rabbit lung) and hippurly-histidyl-leucin (HHL) was prepared in Tris buffer. The assay 
consisted of 100 μL of 3.0 mM HHL, 100 μL of ACE enzyme (1.25 mU/mL), and 100 
μL of dissolved WSE sample followed by incubation at 37oC for 30 min in water bath 
without shaking and then continued incubation for another 30 min with continues 
shaking. To terminate the ACE enzyme activity, glacial acetic acid (200 µL) was 
added. The mixture was stored at -20oC to be analyzed using HPLC. The hippuric acid 
(HA) released as a result of ACE enzyme action on the HHL was determined using 
HPLC system. An aliquot of 200 µL of the mixture was injected into the HPLC system 
from ThermoFisher Scientific (Waltham, MA USA) consist of a reverse-phase column 
(C18, 250-mm length, 4.6-mm diameter, 5 µm diameter) and a guard column (C18 4 
- 3.0 mm). The separation was conducted at room temperature (~22°C) at a flow rate 
of 0.8 mL/min. The mobile phase was an isocratic system consisting of 12.5% (v/v) 
acetonitrile in dd-water with adjusted pH to 3.0 using glacial acetic acid. The detection 
was carried out with a UV–Vis detector set at 228 nm. The control reaction mixture 
was included 100 µL of buffer instead of the assay WSE sample. The rate of ACE-
inhibition activity was determined as follows:  
ACE − 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) = (
HA control − HA sample
HA control





2.5 Statistical Analysis 
For probiotics characteristics assessment, one-way ANOVA was performed to 
test the significant effect of variation in the LAB isolates on quantitative parameters 
(p < 0.05). The examination of differences between means at p < 0.05 was carried out 
by Fisher's test. All assays were repeated at least in triplicate to determine the means 
and standard error, unless otherwise mentioned. Regarding fermented fish sausage, the 
whole experiments were repeated in triplicates. All subsequent assays were conducted 
in duplicate for each sample, unless otherwise mentioned. One-way ANOVA was 
performed to examine the effect of probiotic strain, at the same storage period. Fisher's 
test (p < 0.05) was employed for mean comparisons at same storage time or same 
probiotic strain. For correlations between health-promoting parameters, Pearson's test 
was implemented. Correlation coefficients are exhibited in Appendix 4. ALL 
statistical analyses were performed using Minitab 17.0 Software (Minitab Inc., PA, 











Chapter 3: Results and Discussion 
 
3.1 Isolation Novel LAB with Potential Probiotic Characteristics 
3.1.1 General Characterization of Isolates 
Out of One hundred and fifty (150) isolated colonies, from traditional dried 
fish products sold in UAE markets with different morphology were tested by Gram-
stain and catalase test, eighty-five (85) isolates were Gram-positive, cocci-shape, and 
catalase-negative. All 85 isolates exhibited better growth capabilities at incubation 
temperature 37oC compared to 40oC and 30oC.  
3.1.2 Tolerances to Gastric, Intestinal and Bile Salts 
Acid and bile tolerance is primary criteria of probiotic strains, and it is one of 
the most critical tests required to select a potential probiotic strain (Shokryazdan et al., 
2017). Good probiotic strains should able to survive in an adequate number and 
overcome biological barriers including gastric and intestinal conditions. pH in stomach 
reaches to 2, where bile could be in mutable and unexpected concentration at any given 
time (Damayanti, Julendra, Sofyan, & Hayati, 2014). The tolerances to gastric and 
intestinal conditions and bile stresses are essential for colonization in GIT (Aakko et 
al., 2014). Moreover, these criteria are prerequisite for probiotics to be employed in 
the food industry as dietary adjuncts (Chalas et al., 2016). 
Table 2 exhibits the tolerances of 85 isolates in simulated each of gastric and 
intestinal juices at pH 2.0 plus pepsin and 8.0 plus trypsin respectively. In general, 
LAB isolates had a significant (P < 0.05) population reduction under simulated gastric 
condition during 2 h of incubation at 37oC. The reduction in LAB populations ranged 




Regarding to the isolates survivability in simulated intestinal juice where pH 
8.0 and trypsin activity (Table 2), the bacterial population less affected under intestinal 
condition compared with gastric condition, in which population reduced from 0.0 to 
1.5 log10 CFU/ml during 6 h of incubation at 37°C. Maximum 1.0 log reduction was 
deemed as cut-off level after exposure to gastric and intestinal conditions. 
The effect of bile salts including oxgall, cholic acid and taurocholic acid were 
used to study the viability of 85 isolates is presented in Table 3. The bacterial growth 
suppressed after exposed to all bile salts. The suppression ranged from 0.0% -60.7%, 
0.0% - 17.6%, and 0% -15.8% after 3 h, and from 18.1% -63.8%, 0% - 12.0%, and 
0.0% - 24.7% after 6 h, in oxgall, cholic acid and taurocholic acid respectively. The 
85 isolates were more vulnerable toward oxagall compared with cholic and taurocholic 
acids.  
Out of 85 isolates, 29 isolates showing the considerable tolerances to 
gastrointestinal conditions and bile salts. These tolerances assist the 29 isolates to 
access the small intestinal and then to colon in order to associate in intestinal 
microflora balancing (Ng, Koon, Padam, & Chye, 2015). All 29-potential probiotic 
were identified by 16S rRNA sequencing. Out of 29 isolates,13 isolates had 
remarkable tolerances and were selected for additional characterization as potential 
probiotic properties. Generally, The tolerances to gastric and intestinal conditions may 
be referred to several probable mechanisms: (i) their ability to maintain a pH 
homeostasis by a wide range of low external pH values (Hutkins & Nannen, 1993). 
(ii) Furthermore, other LAB, such as Lactococci keep their internal pH relative to 
neutrality till a threshold value of external pH under which the internal pH begins to 




for instance Lb. delbrueckii retain a stable pH of around 1 and allow decline internal 
pH in equivalent with external pH (Jin et al., 2012). 
Although the influences of acid stress on physiological characteristic of 
bacteria are not defined in details. However, the explanation of growth inhibition 
occurred for 56 isolates under GIT condition is well proven, where acids have ability 
to diffuse passively across the cell membrane and subsequently to access in to the 
cytoplasm, which in turn dissociate rapidly into protons and charged derivatives 
(Presser, Ratkowsky, & Ross, 1997). The intracellular accumulation of protons may 
minimize the intracellular pH (pHi) and thence influences the transmembrane pH 
which associates to the proton-motive force (PMF), that is consumed as an energy 
source in several transmembrane transmit functions (Guchte & Serror, 2002). Besides, 
the internal acidification possesses a role to minimize the action or inhibit the acid-
sensitive enzymes, denature proteins and damage DNA. Moreover, dissociated organic 
acids results in anionic moiety, that accumulate in the cytoplasm, this state has 
destructive impact on cellular physiology (Presser, Ratkowsky, & Ross, 1997) 
probably due to interaction between chelating and essential elements (Guchte & 
Serror, 2002).  
For current isolates, the differences in gastric and intestinal tolerances may be 
referred to species and/or strain specificity (Montville & Matthews, 2013). The present 
gastric and intestinal results concur with the results reported by Das, Khowala, and 
Biswas (2016) who examined acid tolerance without adding pepsin. Our results are 
better compared with the results obtained by Lee et al. (2016) for LAB isolated from 





Table 2: Gastric and intestinal tolerances of 85 isolates (log10 CFU/ml) 
Isolate No  Isolate code 
Gastric tolerance  Intestinal tolerance 
0 h 2 h 0 h 6 h 
Iso1 06M 6.64±0.14 3.28±0.34 6.6±0.19 6.4±0.07 
Iso2 09M 7.41±0.14 2.55±0.57 7.1±0.07 6.6±0.16 
Iso3 09MS 7.22±0.22 3.63±0.55 7.2±0.21 6.9±0.08 
Iso4 11M 7.15±0.18 6.46±0.27 7.1±0.08 7.0±0.14 
Iso5 14M 6.73±0.24 3.51±0.27 6.7±0.45 6.6±0.17 
Iso6 17M 7.36±0.21 6.52±0.11 7.5±0.06 6.6±0.13 
Iso7 19MS 7.38±0.15 6.29±0.15 7.4±0.07 6.6±0.13 
Iso8 20MS 6.43±0.45 5.19±0.16 7.4±0.07 6.6±0.13 
Iso9 21MS 7.56±0.18 2.21±0.13 7.4±0.07 6.8±0.09 
Iso10 25MS 6.68±0.39 2.22±0.11 7.4±0.07 7.0±0.16 
Iso11 27M 7.08±0.13 4.19±0.09 7.3±0.17 6.8±0.12 
Iso12 27MS 6.32±0.28 2.38±0.11 6.4±0.26 6.4±0.19 
Iso13 31MS 7.62±0.27 5.15±0.41 7.1±0.70 7.2±0.00 
Iso14 32M 6.91±0.31 3.54±0.25 6.6±0.11 6.2±0.22 
Iso15 34M 7.59±0.18 2.06±0.08 7.3±0.39 7.1±0.11 
Iso16 36MS 7.61±0.22 2.31±0.23 6.6±0.10 6.6±0.18 
Iso17 37M 7.06±0.14 4.22±0.04 7.2±0.20 7.2±0.10 
Iso18 41M 7.35±0.11 5.86±0.38 6.6±0.03 6.5±0.17 
Iso19 42M 7.29±0.09 6.16±0.05 7.3±0.25 7.2±0.26 
Iso20 44M 7.24±0.09 5.44±0.09 7.2±0.04 6.7±0.11 
Iso21 46MS 7.74±0.09 7.08±0.06 7.6±0.00 6.7±0.22 
Iso22 49MS 7.73±0.09 3.25±0.05 7.4±0.06 6.7±0.21 
Iso23 53M 7.40±0.12 2.34±0.37 7.1±0.14 6.5±0.04 
Iso24 53MS 7.62±0.08 3.77±0.08 7.5±0.04 7.2±0.13 
Iso25 59M 7.53±0.02 3.57±0.18 7.3±0.11 6.6±0.04 
Iso26 62M 7.35±0.10 6.12±0.08 7.4±0.17 6.2±0.26 
Iso27 66MS 7.47±0.02 3.60±0.26 7.4±0.13 6.5±0.04 
Iso28 67MS 6.83±0.66 2.17±0.18 7.4±0.05 7.1±0.07 
Iso29 70MS 7.55±0.12 2.28±0.03 7.4±0.10 6.5±0.09 
Iso30 71MS 7.52±0.02 5.95±0.01 6.9±0.82 7.1±0.36 
Iso31 72MS 7.30±0.13 2.19±0.16 7.2±0.02 6.9±0.42 
Iso32 75M 7.49±0.04 2.26±0.31 7.2±0.09 7.2±0.31 
Iso33 75MS 7.42 ±0.05 2.21±0.13 7.4±0.23 6.9±0.63 
Iso34 77MS 7.41±0.02 3.00±0.32 7.3±0.11 7.2±0.27 
Iso35 78MS 7.50±0.11 2.21±0.13 7.3±0.17 6.8±0.57 
Iso36 79MS 7.44±0.08 6.26±0.02 7.3±0.06 7.2±0.29 
Iso37 84M 6.71±0.23 5.86±0.13 6.7±0.20 6.5±0.08 
Iso38 07B 7.59±0.03 3.70±0.08 7.4±0.01 6.3±0.38 
Iso39 07BS 7.43±0.19 2.21±0.13 7.4±0.01 6.5±0.03 
Iso40 08B 7.48±0.05 3.16±0.02 7.4±0.21 6.6±0.12 
Iso41 09B 7.44±0.04 2.49±0.16 6.7±0.57 6.6±0.12 
Iso42 13B 7.42±0.12 2.63±0.21 7.3±0.11 6.4±0.08 
Iso43 13BS 7.45±0.07 3.31±0.23 7.2±0.03 6.4±0.11 




Table 2: Gastric and intestinal tolerances of 85 isolates (log10 CFU/ml)  
(Continued) 
 
Isolate No  Isolate code 
Gastric tolerance  Intestinal tolerance 
0 h 2 h 0 h 6 h 
Iso44 14B 7.52±0.02 3.40±0.15 7.4±0.04 6.3±0.32 
Iso45 14BS 7.54±0.04 3.41±0.57 7.3±0.01 6.4±0.08 
Iso46 16B 7.55±0.12 3.45±0.21 7.1±0.52 6.4±0.19 
Iso47 16BS 7.64±0.11 4.20±0.31 7.4±0.08 6.4±0.13 
Iso48 25B 7.66±0.05 3.39±0.55 7.4±0.23 6.4±0.16 
Iso49 27B 7.87±0.03 5.70 ±0.13 7.6±0.28 6.4±0.14 
Iso50 27BS 7.52±0.13 2.21±0.13 7.5±0.26 6.3±0.07 
Iso51 34B 7.48±0.11 6.46±0.26 7.4±0.09 6.4±0.11 
Iso52 39B 7.22±0.16 6.18±0.08 7.2±0.22 6.3±0.09 
Iso53 40B 7.39±0.01 3.27±0.28 7.2±0.06 6.3±0.10 
Iso54 42B 7.51±0.09 5.92±0.37 7.5±0.18 6.3±0.09 
Iso55 45B 7.44±0.05 5.90±0.24 7.5±0.11 6.3±0.09 
Iso56 47BS 7.41±0.07 3.29±0.16 7.4±0.18 6.3±0.09 
Iso57 49B 7.43±0.04 5.52±0.15 7.6±0.14 7.6±0.14 
Iso58 51B 7.37±0.13 2.19±0.16 7.6±0.14 7.6±0.14 
Iso59 52B 7.22±0.07 2.28±0.28 7.5±0.03 7.6±0.27 
Iso60 52BS 7.30±0.04 3.03±0.03 7.3±0.04 7.3±0.03 
Iso61 53B 7.50±0.16 2.37±0.32 7.7±0.16 7.5±0.13 
Iso62 54B 7.17±0.12 2.32±0.03 7.6±0.15 7.6±0.14 
Iso63 54BS 7.49±0.02 6.12±0.35 7.6±0.18 7.6±0.23 
Iso64 57BS 7.26±0.19 5.99±0.29 7.3±0.06 7.3±0.26 
Iso65 58B 7.35±0.07 2.22±0.11 7.0±0.12 7.2±0.11 
Iso66 61B 7.50±0.07 2.19±0.16 7.1±0.01 7.1±0.06 
Iso67 66B 6.83±0.13 6.10±0.02 6.7±0.05 7.2±0.38 
Iso68 70BS 7.34±0.10 6.62±0.13 7.5±0.01 7.4±0.21 
Iso69 71B 7.36±0.21 2.19±0.16 7.5±0.10 7.5±0.15 
Iso70 71BS 7.36±0.08 2.24±0.09 7.3±0.03 7.3±0.15 
Iso71 72B 7.16±0.06 2.19±0.16 7.3±0.08 7.2±0.04 
Iso72 72BS 7.45±0.02 2.28±0.28 7.3±0.06 7.3±0.11 
Iso73 73BS 7.69±0.09 2.28±0.28 7.3±0.09 7.3±0.10 
Iso74 74BS 7.31±0.07 6.19±0.10 7.6±0.32 7.6±0.11 
Iso75 75B 7.81±0.06 5.83±0.10 7.6±0.23 7.7±0.43 
Iso76 75BS 7.79±0.16 2.91±0.33 7.8±0.19 7.7±0.15 
Iso77 76B 7.24±0.12 2.28±0.28 7.8±0.17 7.8±0.16 
Iso78 77B 7.15 ±0.19 2.31±0.01 7.4±0.18 7.4±0.44 
Iso79 79B 7.59±0.03 6.09±0.30 7.6±0.15 7.6±0.05 
Iso80 80B 7.34±0.06 2.36±0.35 7.6±0.10 7.6±0.07 
Iso81 81B 6.62±0.27 3.89±0.02 7.0±0.21 7.1±0.04 
Iso82 81BS 7.36±0.12 5.84±0.07 7.1±0.25 7.3±0.15 
Iso83 83BS 7.37±0.11 6.21±0.05 7.5±0.14 7.5±0.10 
Iso84 84B 7.25±0.04 6.66±0.07 7.2±0.02 7.1±0.05 
Iso85 84BS 7.36±0.08 2.37±0.46 7.2±0.03 7.1±0.04 




Table 3: Bile suppression (%) of lactic acid bacteria isolates at 3 and 6 h 
Isolate No.  Isolate code 
Bile suppression (%)       
1.0% Oxgall               0.3% Cholic acid       1.0% Taurocholic acid 
3 h 6 h 3 h 6 h 3 h 6 h 
Iso1 06M 24.3±1.5 52.0±1.1 10.3±1.4 7.2±1.2 4.4±0.6 24.7±5.8 
Iso2 09M 36.0±4.6 50.6±2.9 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
Iso3 09MS 44.3±1.9 51.4±4.7 0.0±0.0 0.0±0.0 5.9±2.1 0.0±0.0 
Iso4 11M 43.6±1.2 62.4±4.0 0.0±0.0 0.0±0.0 9.2±1.5 35.0±2.3 
Iso5 14M 36.1±9.8 61.0±6.7 0.0±0.0 0.0±0.0 5.5±0.8 0.0±0.0 
Iso6 17M 18.0±0.9 44.8±5.9 0.0±0.0 0.0±0.0 11.3±5.7 0.0±0.0 
Iso7 19MS 6.8±1.3 23.0±7.1 3.8±0.4 0.0±0.0 1.7±0.6 0.0±0.0 
Iso8 20MS 25.3±0.7 56.2±2.6 0.0±0.0 5.4±0.8 8.3±2.7 19.1±3.4 
Iso9 21MS 46.3±5.5 63.2±5.7 4.2±1.1 0.0±0.0 12.8±0.9 0.0±0.0 
Iso10 25MS 7.2±1.5 28.9±2.7 0.0±0.0 1.5±0.4 3.3±0.3 20.4±2.5 
Iso11 27M 31.2±4.1 49.4±5.2 0.0±0.0 0.0±0.0 2.0±0.2 0.0±0.0 
Iso12 27MS 0.0±0.0 18.1±2.0 0.0±0.0 1.4±0.2 5.8±0.3 19.6±0.3 
Iso13 31MS 45.5±1.4 59.1±1.0 2.9±0.1 0.0±0.0 11.9±0.4 0.0±0.0 
Iso14 32M 11.3±0.8 31.0±1.9 0.0±0.0 7.8±0.6 7.4±2.9 23.3±4.9 
Iso15 34M 33.3±3.0 63.8±0.5 2.8±0.2 0.0±0.0 10.8±2.4 9.3±0.7 
Iso16 36MS 35.1±2.2 39.1±1.2 0.0±0.0 0.0±0.0 3.4±1.6 0.0±0.0 
Iso17 37M 40.9±0.1 60.2±2.1 17.6±0.2 0.0±0.0 12.0±1.0 0.0±0.0 
Iso18 41M 16.2±1.2 28.9±6.2 4.0±1.5 5.7±5.1 8.5±2.0 17.0±7.5 
Iso19 42M 28.8±3.9 38.2±8.0 0.7±0.4 12.0±1.4 12.0±1.1 13.2±2.3 
Iso20 44M 34.1±1.2 49.2±2.8 10.3±0.2 5.6±2.0 6.7±3.0 0.0±0.0 
Iso21 46MS 33.8±0.5 57.1±0.9 0.1±0.1 0.0±0.0 2.4±0.3 3.6±0.8 
Iso22 49MS 39.9±0.9 46.2±4.2 6.9±1.1 0.0±0.0 14.1±2.8 2.9±0.4 
Iso23 53M 42.1±0.6 57.7±3.7 0.0±0.0 0.0±0.0 8.4±0.4 0.0±0.0 
Iso24 53MS 41.7±1.3 54.5±0.7 0.0±0.0 0.0±0.0 3.3±0.1 0.0±0.0 
Iso25 59M 35.8±1.7 38.4±0.7 3.3±0.4 0.0±0.0 5.8±0.3 0.0±0.0 
Iso26 62M 39.3±0.8 51.6±1.1 0.0±0.0 0.0±0.0 1.4±0.4 0.0±0.0 
Iso27 66MS 39.6±1.5 58.4±3.3 6.5±2.0 0.0±0.0 10.2±0.6 0.0±0.0 
Iso28 67MS 40.9±1.5 53.6±0.2 0.0±0.0 0.0±0.0 11.2±0.1 0.0±0.0 
Iso29 70MS 40.6±1.9 61.3±0.6 3.0±0.9 0.0±0.0 4.8±1.7 0.0±0.0 
Iso30 71MS 37.7±1.4 48.3±0.7 4.6±0.5 0.0±0.0 2.8±0.2 0.0±0.0 
Iso31 72MS 45.1±4.9 52.5±0.8 0.0±0.0 0.0±0.0 3.4±0.1 0.0±0.0 
Iso32 75M 31.1±2.3 54.1±0.8 0.0±0.0 0.0±0.0 6.8±0.5 1.7±0.2 
Iso33 75MS 38.1±0.5 52.7±4.8 5.1±1.2 0.0±0.0 10.4±1.8 0.0±0.0 
Iso34 77MS 35.7±4.4 51.9±0.7 3.8±0.1 0.0±0.0 11.8±0.6 0.0±0.0 
Iso35 78MS 35.6±1.1 53.3±2.3 0.0±0.0 0.0±0.0 7.2±0.2 3.4±0.0 
Iso36 79MS 41.9±2.1 59.0±2.5 1.5±0.1 0.0±0.0 12.2±1.1 0.0±0.0 
Iso37 84M 38.6±0.8 57.2±1.1 3.3±0.5 0.7±0.1 10.0±2.3 1.7±2.4 
Iso38 07B 34.4±0.8 40.0±2.5 0.2±0.0 0.0±0.0 3.3±0.9 0.0±0.0 
Iso39 07BS 31.9±0.7 31.0±1.6 0.0±0.0 0.0±0.0 10.3±0.7 1.9±0.0 
Iso40 08B 32.3±2.0 32.5±2.3 7.6±0.5 0.0±0.0 2.5±0.4 0.0±0.0 
Iso41 09B 50.1±0.6 55.4±3.2 0.3±0.0 0.0±0.0 6.1±1.6 0.0±0.0 
Iso42 13B 31.8±2.2 41.9±3.7 2.3±0.8 0.0±0.0 3.6±1.3 3.7±0.2 





Table 3: Bile suppression (%) of lactic acid bacteria isolates at 3 and 6 h (Continued) 
Isolate No.  Isolate code 
Bile suppression (%)         
1.0% Oxgall                 0.3% Cholic acid          1.0% Taurocholic acid  
3 h 6 h 3 h 6 h 3 h 6 h 
Iso43 13BS 53.8±1.2 54.3±2.2 13.2±1.1 0.3±0.4 3.6±5.1 0.0±0.0 
Iso44 14B 35.2±2.9 34.4±1.3 5.6±1.5 0.0±0.0 6.6±0.0 0.0±0.0 
Iso45 14BS 32.7±1.2 33.3±5.8 1.4±0.2 0.0±0.0 5.3±0.9 0.0±0.0 
Iso46 16B 37.7±3.5 49.4±3.6 0.6±0.3 0.0±0.0 7.4±2.3 0.0±0.0 
Iso47 16BS 40.2±2.2 51.3±1.5 1.4±0.7 0.0±0.0 7.9±1.4 0.0±0.0 
Iso48 25B 25.9±1.1 50.7±2.4 7.4±0.8 4.8±2.2 11.9±2.1 8.9±0.2 
Iso49 27B 40.0±1.6 62.1±1.0 6.1±1.5 2.4±0.3 13.9±1.4 7.4±2.1 
Iso50 27BS 41.8±2.2 57.0±4.8 4.3±0.6 0.0±0.0 9.4±3.4 0.0±0.0 
Iso51 34B 31.1±2.3 61.4±3.5 1.9±0.1 0.0±0.0 11.3±0.6 6.7±0.2 
Iso52 39B 31.2±2.1 60.2±2.7 1.8±0.1 1.4±0.6 3.0±3.4 1.9±0.5 
Iso53 40B 35.3±0.2 45.0±1.5 0.0±0.0 0.0±0.0 5.1±2.1 8.0±0.1 
Iso54 42B 17.0±2.9 31.6±1.4 2.4±0.5 3.7±1.1 6.3±1.7 12.4±3.2 
Iso55 45B 40.8±0.6 56.9±4.3 6.0±1.5 0.0±0.0 13.0±2.9 0.0±0.0 
Iso56 47BS 43.6±14.2 58.6±0.9 3.5±1.0 1.1±1.6 7.6±0.1 0.6±0.9 
Iso57 49B 35.3±0.5 50.3±0.9 1.5±0.1 0.0±0.0 10.4±0.7 1.1±0.1 
Iso58 51B 32.8±4.7 44.8±1.2 0.0±0.0 7.8±0.1 0.0±0.0 7.2±0.4 
Iso59 52B 35.7±0.0 49.8±4.1 0.0±0.0 0.0±0.0 4.7±0.2 0.0±0.0 
Iso60 52BS 33.8±2.3 39.9±3.2 0.0±0.0 0.0±0.0 3.6±0.6 0.0±0.0 
Iso61 53B 32.0±4.0 42.0±3.9 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
Iso62 54B 18.8±0.4 31.2±8.3 1.1±0.2 0.0±0.0 6.8±2.7 1.1±1.5 
Iso63 54BS 33.6±3.2 49.2±2.5 1.3±0.2 0.0±0.0 8.8±1.3 0.0±0.0 
Iso64 57BS 26.1±1.9 55.1±1.4 5.3±1.0 5.2±0.5 2.6±0.3 0.0±0.0 
Iso65 58B 38.3±0.6 56.5±0.9 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
Iso66 61B 33.9±5.8 50.1±3.0 1.7±0.2 0.0±0.0 0.0±0.0 0.0±0.0 
Iso67 66B 10.7±0.1 37.7±1.1 3.7±0.0 8.9±1.2 2.2±1.4 19.3±2.3 
Iso68 70BS 32.9±2.0 40.9±0.9 3.1±0.5 0.0±0.0 11.2±1.3 0.0±0.0 
Iso69 71B 35.3±3.0 47.7±4.5 0.0±0.0 0.0±0.0 0.8±0.6 0.0±0.0 
Iso70 71BS 36.3±0.9 48.0±1.6 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
Iso71 72B 41.0±2.1 54.0±0.3 4.7±1.0 0.0±0.0 11.0±0.8 0.0±0.0 
Iso72 72BS 37.3±3.0 57.2±2.0 2.2±0.1 0.0±0.0 15.0±1.2 11.7±0.9 
Iso73 73BS 35.1±3.5 58.2±2.0 2.8±0.3 0.0±0.0 11.0±3.2 2.7±0.7 
Iso74 74BS 32.6±1.3 44.4±1.3 4.6±0.0 0.0±0.0 10.6±0.1 0.0±0.0 
Iso75 75B 39.7±3.2 63.1±1.6 7.7±2.1 4.5±0.6 15.8±1.0 14.2±2.0 
Iso76 75BS 35.8±3.7 60.5±0.2 4.2 ±0.6 1.8±1.0 15.6±2.8 13.0±3.5 
Iso77 76B 51.9±15.7 62.6±5.4 5.0±1.1 0.0±0.0 8.5±0.4 7.5±1.7 
Iso78 77B 15.6±1.1 57.3±0.1 8.1±1.0 1.2±0.4 11.6±0.1 12.7±0.0 
Iso79 79B 60.7±1.4 58.2±0.5 2.4±0.1 0.0±0.0 4.9±0.9 0.0±0.0 
Iso80 80B 35.3±0.4 45.1±0.4 0.0±0.0 0.0±0.0 3.6±1.2 0.0±0.0 
Iso81 81B 8.8±0.4 29.0±0.1 7.1±1.3 5.0±0.6 6.9±1.0 24.0±3.8 
Iso82 81BS 28.4±4.1 38.6±1.5 0.0±0.0 0.0±0.0 1.7±0.9 0.0±0.0 
Iso83 83BS 41.3±0.1 53.6±0.7 4.6±0.8 0.0±0.0 6.7±1.5 0.6±0.3 
Iso84 84B 31.3±4.0 40.4±4.1 0.0±0.0 0.0±0.0 1.8±0.1 0.0±0.0 
Iso85 84BS 22.4±1.1 20.4±0.5 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 




3.1.3 Identification of Selected Isolates by 16S rRNA Sequencing 
The best 29 isolates out of 85 were identified by 16S rRNA. PCR amplicons 
lengths in the range of 1200 to 1400 bp. Alignment were achieved using BLAST. Out 
of the 29 isolates, 13 isolates with excellent gastric and intestinal tolerances were 
selected to be further investigated during the current study. Table 4 presents that all 
those isolates were identified as Enterococcus spp. classified as following: 4 E. 
faecalis, 7 E. faecium and 2 E. durans. According to 16S rRNA sequences by 
evolutionary distances using neighbor-joining method, molecular phylogeny analysis 
and phylogenic tree were applied to identify LAB at the species level. Phylogenic tree 
of the 13 isolates is illustrated in Fig. 1. Sequence analysis depicted that 6 out of the 
13 isolates clustered with 16S rRNA sequences of Enterococcus faecium, while 4 out 
of the 13 isolates clustered with sequences of Enterococcus faecalis and 3 out of 13 
















Table 4: Identified LAB isolates by 16S rRNA gene sequencing and Genbank 
accession numbers 
Isolate Bacteria Accession numbers 
11M Enterococcus faecalis MF067467 
17M Enterococcus faecalis MF067469 
19MS Enterococcus faecium MF067470 
46MS Enterococcus faecium MF067487 
62M Enterococcus faecium MF067495 
71MS Enterococcus faecalis MF067500 
79MS Enterococcus faecium MF067509 
39B Enterococcus faecium KY962871 
45B Enterococcus faecium KY962874 
54BS Enterococcus durans KY962882 
57BS Enterococcus faecium KY962883 
70BS Enterococcus durans KY962888 













































Figure 1: Neighbor-joining phylogenetic tree based on 16S rRNA sequences. Numbers in parentheses are accession numbers of identified 
sequences. Filled circles are the reference strains from NCBI 
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3.2 Safety Assessment of Selected LAB Isolated 
3.2.1 Detection of Virulence Genes 
During the years many virulence factors have been characterized among 
enterococci including; biofilm formation, cytolysin, gelatinase, aggregation protein 
substances, pheromone and enterococci surface protein (Barbosa, Gibbs, & Teixeira, 
2010; Franz et al., 2001). The virulence factors are detected more frequently in clinical 
strains than food isolates (Franz et al., 2001; Rice et al., 2003). Presence of several 
virulence determinants together with presence of antibiotics resistant indicates that 
enterococci may serve as a reservoir for virulence genes (Ogier & Serror, 2008). Thus, 
enterococci may have some virulence factors and the existence of putative virulence 
genes should be identified for safety purposes.  
Table 5 exhibits the presence 9 known virulence genes in 13 Enterococcus spp. 
were screened by using PCR method. All Enterococcus spp. were positive for agg 
(aggregation protein involved in adherence to eukaryotic cells), while tested 
Enterococcus spp. were negative for the cylLL and cylLS (cytolisin structural subunits); 
asal (aggregation substance); and hyl (hyaluronidase). Out of 13, eight Enterococcus 
spp. were positive for gelE (gelatinase), ten isolates for ace (collagen protein adhesion) 
and seven isolates for efaAfs (cell wall adhesion) (Table 5).  
Occurrence of gelE gene in the bacteria as pathogenicity factor in conformity 
with previous monitoring for food isolates, which leads to gelatinase activity where an 
extracellular endopeptidase is responsible to hydrolyze small peptides, collagen and 
gelatin (Vankerckhoven et al., 2004). Furthermore, proteolytic activity may be 
catalyzed in some strains as a result of gelatinase production, what consider a 




who isolated enterococcus from row and fermented meat found that 17 out of 29 
isolates were positive for gelE gene and it was more recurrent in E. faecalis (12 out of 
15) than E. facium (5 out 13) strains (Aslam, Diarra, & Masson, 2012). These findings 
concur with present study where gelE gene presented in 61.5% (8/13) enterococcus 
spp. and occurred in E. facalis 100% (4/4), E. faecium  28.5% (2/7), in addition to E. 
durans100% (2/2). The presence of efaAfs gene, cell wall adhesion, was recorded in 
our study (7 out of 13). Several works have been reported that occurrence of efaAfs 
gene in food-isolates enterococci was high and that virulence determinant do not 
consider a high-risk value (İspirli, Demirbaş, & Dertli, 2017; Ruiz-Moyano et al., 
2010). In current study, none of the evaluated Enterococcus spp. harbored esp gene. 
The previous studies suggested that esp gene possesses pathogenic function due to 
high percentage of esp incidence in clinical E. facium strains. Our results support that 
safe claims of current studied Enterococcus spp. Our results agrees with the outcomes 
of  (Mannu et al., 2003) who examined the presence of esp gene in Enterococcus 
faecium strains which were isolated from dairy, animal and clinical origin. Authors 
proven that esp more common in clinical isolates comparing with other sources. 
Ace gene is another virulence gene encoding for adhesion of collagen protein. 
In current study, ace gene was founded in 76.9% (10/13) of isolates, distributed as a 
following: 4 E. faecalis, 4 E. faecium, and 2 E. durans. Similarly, several studies have 
detected ace gene in varied food isolates with the majority of the presence in E. faecalis 
strains compared with other Enterococcus strains (Aslam, Diarra, & Masson, 2012; 
Jahan & Holley, 2014).  
The agg gene is encoding for aggregation protein contributed in adherence to 




2017). This virulence factor was found in all Enterococcus spp. of the current study.  
(Aslam, Diarra, Checkley, Bohaychuk, & Masson, 2012) detected agg factor in 50% 
of E. facealis isolates from poultry. The synchronous expression of aggregation and 
cytolysin virulence factor leads to raised pathogenicity of E. faecalis isolates (İspirli, 
Demirbaş, & Dertli, 2017). Fortunately, cytolysin which is cytolysin structural units 
(CYlLL, CYlLS) were not present in our tested Enterococcus spp. in contrast to (Aslam, 
Diarra, & Masson, 2012) research,  both CYlLL of and agg virulence markers was 
detected in E. faecalis were isolated from pork processing plant. In addition, hyl 
(hyaluronidase) and ase1 (aggregation substrate) were not detected in the current 
studied Enterococcus spp., where hyl virulence determinant has been related with host 
tissue invasion (Fisher & Phillips, 2009). Similarly to our result, Hammad, 
Shimamoto, and Shimamoto (2014) study reported the absent of ase1 and hyl from 

































Table 5: Prevalence of virulence genes in the 13 Enterococcus spp 
Species 
Target genea 
CYlLL CYlLS asal gelE esp hyl efaAfs agg ace 
E. faecalis MF067467 - - - + - - + + + 
E. faecalis MF067469 - - - + - - + + + 
E. faecium MF067470 - - - - - - - + - 
E. faecium MF067487 - - - - - - - + - 
E. faecium MF067495 - - - - - - - + - 
E. faecalis MF067500 - - - + - - + + + 
E. faecium MF067509 - - - - - - - + + 
E. faecium KY962871 - - - - - - - + + 
E. faecium KY962874 - - - + - - - + + 
E. durans KY962882 - - - + - - + + + 
E. faecium KY962883 - - - + - - + + + 
E. durans KY962888 - - - + - - + + + 
E. faecalis KY962905 - - - + - - + + + 
                    
 a (-) gene absent; (+) gene present    
             cylLL and cylLs (cytolisin structural subunits); asa1 (aggregation substance); gelE (gelatinase); esp (enterococcal surface protein);  
hyl (hyaluronidase); efaAfs (cell wall adhesion); agg (aggregation protein involved in adherence to eukaryotic cells);  




3.2.2 Antibiotic Resistant 
The antibiotic resistance of potential probiotic bacteria is a main safety aspect 
for choosing these bacteria as probiotic organisms and starter culture due to possibility 
hazard of horizontal transmission of bacteria resistance to non-resistant bacteria 
including pathogens (İspirli, Demirbaş, & Dertli, 2017). 
Table 6 illustrates the antibiotics resistances of 13 Enterococcus spp. against 
six antibiotics are widely used in human medical treatment (Rönkä et al., 2003). The 
impact of antibiotics ranged between sensitive to moderate sensitive for all the 
Enterococcus spp. However, some screened species exhibited moderate resistant 
against trimethoprim and clindamycin, particularly. Since a moderate resistant toward 
trimethoprim was obvious in E. faecium MF067495, E. faecalis MF067500, E. 
faecium MF067509, E. durans KY962882, and E. durans KY962888. While a 
moderate clindamycin resistance was exhibited in E. faecalis MF067469, E. faecium 
MF067487, E. faecalis MF067500, E. durans KY962888, and E. faecalis KY962905.  
Whereas, only one strong resistant case was observed in E. faecalis KY962905 against 
trimethoprim. 
With regard to our findings, relatively, all isolates were more susceptible to 
penicillin and ampicillin compared to other antibiotics. The resistant against particular 
antibiotic may be attributed to the lack of target site of the certain antibiotic in LAB 
cell (Abushelaibi, Al-Mahadin, El-Tarabily, Shah, & Ayyash, 2017). Overall, all 13 
Enterococcus spp. showed susceptibility toward all tested antibiotics, which is 
desirable results for selection potential probiotic. The distinction in sensitivity among 
the Enterococcus spp. may be referred to variation in species and strains. These 




Dertli, 2017; Teles Santos et al., 2016) and (Lee et al., 2016) had tested  antibiotic 
activity for LAB isolated from traditional Korean fermented vegetable. However, 
Enterococcus spp. cases of trimethoprim-resistant and clindamycin-resistant need 
further molecular screening to find out the source of these resistance behavior. 
Table 6: Antibiotic resistant toward 6 different antibiotics  
Bacteria Antibiotics resistant     
  PEN TRI AMP CLI VAN ERY 
E. faecalis MF067467 MS MS S S S S 
E. faecalis MF067469 MS S MS MR MS MS 
E. faecium MF067470 MS S S S S MS 
E. faecium MF067487 S MS S MR S MS 
E. faecium MF067495 S MR S S S MS 
E. faecalis MF067500 S MR S MR S MS 
E. faecium MF067509 S MR S MS S MR 
E. faecium KY962871 S MS S S S MS 
E. faecium KY962874 S MS S S MR S 
E. durans KY962882 S MR S S S S 
E. faecium KY962883 S MS S MS S MS 
E. durans KY962888 S MR S MR S S 
E. faecalis KY962905 S R S MR S MS 
‡ PEN: penicillin (10 mg); TRI: trimethoprim (25 mg); AMP: ampicillin (10 mg); 
CLI: clindamycin (2 mg); VAN: vancomycin (30 mg); ERY: erythromycin (15 mg), 










3.2.3 Haemolytic Activity 
One of fundamental safety aspect for selecting probiotics is their haemolytic 
activity. There are three levels of hemolysis; gamma-hemolysis, alpha-hemolysis, and 
beta-hemolysis. Lack of haemolytic activity (gamma-hemolysis) in the potential 
probiotic strains indicating that these bacteria are non-virulent (Tejero-Sariñena et al., 
2012). 
Table 7 demonstrates the hemolytic activities of 13 Enterococcus isolates. All 
evaluated Enterococcus spp. exhibited no clear-halos which expressed as no hemolysis 
(gamma-hemolysis). This hemolysis results support the safety of our current isolates. 
Regarding EPS production, all tested isolates showed the ability to produce ESP, 
except E. faecium MF067487. The capability of probiotic strains to produce ESP is an 
effective for potential probiotics. By contrast, absence of haemolytic activity is one of 
desirable characteristic require for selection of potential probiotic. In the study of 
(Angmo et al., 2016; Tejero-Sariñena et al., 2012), all evaluated isolated presented 











                              Table 7: Haemolytic activity 
Species Haemolysisa 
E. faecalis MF067467 - 
E. faecalis MF067469 - 
E. faecium MF067470 - 
E. faecium MF067487 - 
E. faecium MF067495 - 
E. faecalis MF067500 - 
E. faecium MF067509 - 
E. faecium KY962871 - 
E. faecium KY962874 - 
E. durans KY962882 - 
E. faecium KY962883 - 
E. durans KY962888 - 
E. faecalis KY962905 - 































3.3 Evaluation of Probiotic Characterization of Selected LAB 
3.3.1 Auto-aggregation and Hydrophobicity 
        Auto-aggregation measurements the ability of bacterial strain to aggregate with 
each other, in a nonspecific manner, which is considered as prerequisite for 
colonization to allow the probiotic bacteria to exert its beneficial effects (Del Re et al., 
2000). Cell surface hydrophobicity test determines the capability of bacteria to adhere 
to the epithelium through the digestive tract (Kos et al., 2003). Thus, probiotic strains 
must have ability to extent to host intestine and adhere to its wall, before exert any 
functional impacts. Thus, cell surface hydrophobicity is crucial factor for assessment 
of potential probiotic strains (Shokryazdan et al., 2017). Several studies have 
documented that auto-aggregation (Tareb et al. 2013) and hydrophobicity tests (Felipe 
et al., 2017) correlated with adhesion ability of probiotic bacteria to epithelial cells 
(Botes et al., 2008). 
        In current study, the percentages of autoaggregation during 3h and 24h of 
incubation at 37oC and cell surface hydrophobicity of tested strains are determined by 
using three hydrocarbons namely hexadecane, xylene and octane are displayed in 
Table 8 The 13 Enterococcus spp. demonstrated a good percentage of autoaggregation 
ranging from 8.2 - 21.3% and 29 - 67% throughout 3h and 24h of incubation, 
respectively. Isolates E. faecalis MF067467, E. faecalis MF067469 and E. faecalis 
KY962905 presented the highest autoaggregation percentage of 67%, 64% and 57%, 
respectively, out of the 13 isolates.  
        Findings in Table 8 indicated that hydrophobicity of the 13 Enterococcus spp. 
tested against xylene and octane was higher (p < 0.05) compared with hexadecane. 




0.7- 46.2%, 0.3 - 46.7%, 0.5 - 49.9% respectively. Overall, among of the 13 
Enterococcus spp. investigated, E. faecalis MF067467 and, MF067469 and E. durans 
KY962882 exhibited the highest percentage of hydrophobicity. 
        In the present study, auto-aggregation results differed significantly (P < 0.05) 
during incubation time. Our results coincide with other works which have exhibited 
that autoaggregation rate increase with incubation time (Gil-Rodríguez, Carrascosa, & 
Requena, 2015; Peres et al., 2014). Our Enterococcus spp. recorded noticeable 
hydrophobicity toward octane and then xylene compared with hexadecane. 
Abushelaibi et al. (2017) have reported greater hydrophobicity for LAB isolated from 
camel milk. Nonetheless, in current study, the hydrophobicity values obtained for the 
evaluated Enterococcus spp. had greater hydrophobicity values reported by Peres et 
al. (2014). The differences in the hydrophobicity between previous studies and current 
work may be due to differences in species and even between strains within the same 
specie (Schär-Zammaretti & Ubbink, 2003).  
        Our Enterococcus spp. showed higher auto-aggregation and hydrophobicity 
percentages compared with findings reported by Ilango, Pandey, and Antony (2016) 















Table 8: Auto-aggregation (%) during 24 h and hydrophobicity (%) against hexadecane, xylene and octane during 18 h at 37oC 
Bacteria 
Auto-aggregation (%)   Hydrophobicity (%)   
3 h 24 h   Hexadecane Xylene Octane 
E. faecalis MF067467 20.8 ± 0.22ab1 67.4 ± 0.00a  44.4 ± 1.8a 44.1 ± 2.6a 46.2 ±3.7a 
E. faecalis MF067469 21.3 ± 0.10c 64.9 ± 0.02c  34.5 ± 3.5b 27.1 ± 2.7b 40.1 ± 1.2a 
E. faecium MF067470 11.4 ± 0.68c 48.0 ± 0.44c  3.9 ± 0.4efg 0.3 ± 0.0g 1.7 ± 0.2ef 
E. faecium MF067487 8.2 ± 0.68bc 34.1 ± 0.27abc  0.8 ± 0.1fg 16.0 ± 1.6cd 4.4 ± 0.4ef 
E. faecium MF067495 13.9 ± 0.57a 46.0 ± 0.48ab  13.6 ± 1.4cd 13.1 ± 1.3cde 14.2 ± 1.4cd 
E. faecalis MF067500 9.1 ± 0.74abc 29.1 ± 0.63abc  1.2 ± 0.1fg 4.2 ± 0.4efg 3.5 ± 0.4ef 
E. faecium MF067509 12.2 ± 0.71abc 36.4 ± 1.75bc  5.7 ± 0.6defg 16.0 ± 1.6cd 7.6 ± 0.8def 
E. faecium KY962871 11.6 ± 0.63abc 42.5 ± 0.08abc  1.4 ± 0.1efg 0.5 ± 0.0fg 1.7 ± 0.2ef 
E. faecium KY962874 8.2 ± 0.61ab 35.3 ± 0.30abc  3.9 ± 0.4defg 3.4 ± 0.3def 2.7 ± 0.3de 
E. durans KY962882 8.2 ± 0.48abc 37.4 ± 0.43c  9.2 ± 0.9def 9.3 ± 0.9def 21.8 ± 2.2b 
E. faecium KY962883 10.6 ± 0.89abc 34.7 ± 0.57abc  0.8 ± 0.1g 1.3 ±0.1fg 0.6 ± 0.1f 
E. durans KY962888 14.9 ± 0.59abc 40.8 ± 0.82c  9.4 ± 0.9de 18.4 ± 1.8c 13.1 ± 1.3cd 
E. faecalis KY962905 18.1 ± 0.26abc 57.1 ± 0.48abc   19.8 ± 2.0c 14.4 ± 1.4cd 7.8 ± 0.8bc 
1 Values are mean ± standard deviation of Duplicates    





The aggregation between bacteria of variant species and/or strains known as 
coaggregation which is significant in several aspects, such as the human gut and oral 
cavity where the probiotics are active (Piwat, Sophatha, & Teanpaisan, 2015). The 
pathogenic adhesion to mucosa can be inhibited by defensive barrier which is formed 
via direct aggregation of probiotic (Vidhyasagar & Jeevaratnam, 2013). Many 
researchers have reported that coaggregation in the presence of gut pathogens will 
reinforce probiotic properties and cell colonization of Enterococcus spp. (Amaral et 
al., 2017a). 
Table 9 displays the results of coaggregation of investigated Enterococcus spp. 
in the presence of four pathogenic bacteria namely E. coli: O157:H7, S. typhimurium, 
L. monocytogenes and S. aureus individually at 2 h and 4 h of incubation at 37oC. 
Overall, all Enterococcus spp. showed good capabilities to co-aggregate toward the 
four pathogens (Table 9). ANOVA indicates that co-aggregation increased (P < 0.05) 
during incubation time. Enterococcus spp. presented higher (P < 0.05) co-aggregation 
toward L. monocytogenes during the first 2 h compared with other pathogens. Whereas 
when incubation time prolonged to 4 h that trend changed, where S. typhimurium 
demonstrated the highest coaggregation rate with all 13 tested Enterococcus spp. and 
to a high percentage (33.2%) and the lower ability noted toward E. coli O157:H7 (11.8 
-18.8%). In general, strains E. faecalis MF067467, E. faecalis MF067469, E. faecalis 
KY962905 and species E. faecium MF067495, E. durans KY962888 displayed higher 
coaggregation rates compared with other evaluated Enterococcus spp. 
Our results demonstrated that Enterococcus spp. presented considerable 




Taheur et al. (2016). The capability of present Enterococcus spp. to co-aggregate with 
pathogens may be imputed to cell surface components. Furthermore, the presence of 
interactions among proteinaceous components and carbohydrate-lectin on the cell 





Table 9: Co-aggregation (%) of LAB with 4 pathogens during 4 h incubation at 37oC 
Bacteria 
Co-aggregation (%)     
E. coli O157:H7 S. Typhimurium L. monocytogenes S. aureus 
2 h incubation period 
E. faecalis MF067467 13.0 ±1.51ab 14.4 ± 3.37a 13.6 ± 4.81a 12.2 ± 4.63a 
E. faecalis MF067469 11.8 ± 1.96abc 13.6 ± 1.58a 12.1 ± 2.87a 11.5 ± 2.66a 
E. faecium MF067470 11.4 ± 4.72abc 13.3 ± 4.49a 12.0 ± 4.63a 12.2 ± 4.12a 
E. faecium MF067487 8.4 ± 2.82abc 11.6 ± 3.82a 9.7 ± 5.33a 9.5 ± 5.64a 
E. faecium MF067495 12.3 ± 3.67abc 15.3 ± 2.97a 13.7 ± 3.65a 13.4 ± 3.58a 
E. faecalis MF067500 12.8 ± 1.59c 14.2 ± 1.03a 10.8 ± 4.82a 10.8 ± 4.34a 
E. faecium MF067509 10.8 ± 2.30c 13.2 ± 3.18a 11.8 ± 4.48a 11.8 ± 3.45a 
E. faecium KY962871 10.5 ± 4.09bc 13.6 ± 4.39a 11.7 ± 4.78a 11.7 ± 4.31a 
E. faecium KY962874 8.9 ± 2.66abc 11.6 ± 3.24a 10.1 ± 4.47a 10.2 ± 5.11a 
E. durans KY962882 8.7 ± 1.93a 10.9 ± 1.60a 9.6 ± 2.64a 9.1 ± 2.80a 
E. faecium KY962883 9.8 ± 3.05abc 12.7 ± 2.66a 10.2 ± 4.07a 10.4 ± 4.76a 
E. durans KY962888 10.9 ± 2.66abc 14.7 ± 2.95a 12.7 ± 3.34a 12.4 ± 4.48a 
E. faecalis KY962905 11.7 ± 1.84abc 13.9 ± 2.55a 12.1 ± 3.72a 8.7 ± 9.23a 
 4 h incubation period 
E. faecalis MF067467 18.4 ± 4.42ab 20.2 ± 4.28bc 18.7 ± 6.04a 18.4 ± 4.27a 
E. faecalis MF067469 18.8 ± 2.60a 18.8 ± 2.65bc 16.9 ± 1.32a 15.3 ± 2.22ab 
E. faecium MF067470 14.5 ± 5.03abcd 16.1 ± 5.49c 15.3 ± 5.21a 15.3 ± 3.97ab 
E. faecium MF067487 11.8 ± 4.16abcd 14.5 ± 4.92bc 12.4 ± 5.02a 11.9 ± 5.24ab 
E. faecium MF067495 15.2 ± 3.94cd 18.7 ± 2.31abc 16.4 ± 4.81a 16.2 ± 3.05ab 
E. faecalis MF067500 17.4 ± 2.34d 24.7 ± 9.99c 13.2 ± 5.24a 13.4 ± 4.05ab 
E. faecium MF067509 14.9 ± 3.55cd 33.2 ± 19.51ab 15.4 ± 4.09a 15.2 ± 3.34ab 
E. faecium KY962871 14.1 ± 3.87bcd 20.1 ± 0.36ab 15.1 ± 4.80a 15.0 ± 3.95ab 
E. faecium KY962874 12.0 ± 3.27abcd 23.5 ± 9.97bc 12.7 ± 4.54a 12.7 ± 4.91ab 
E. durans KY962882 11.9 ± 2.96a 28.3 ± 17.21abc 12.4 ± 4.10a 12.0 ± 3.82ab 
E. faecium KY962883 13.5 ± 4.58abcd 28.1 ± 14.98a 13.4 ± 5.28a 13.2 ± 4.45ab 
E. durans KY962888 15.6 ± 4.57abc 28.9 ± 11.80ab 16.2 ± 4.61a 15.8 ±5.30b 
E. faecalis KY962905 16.6 ± 2.16abcd 27.6 ± 10.91ab 15.3 ± 4.59a 11.5 ± 10.58ab 
 
Values are mean ± standard deviation of Duplicates 
    a–d Mean values in the same column with different uppercase superscripts differ significantly 








3.3.3 Antimicrobial Activity 
Antimicrobial activity against pathogens is one of the remarkable side that has 
to be counted for selection of potential probiotic strains (Shokryazdan et al., 2017). 
Antimicrobial activity of Enterococcus spp. may be imputed to several compounds 
formed during Enterococcus spp. growth including organic acid, metabolites and 
enteriocins (bacteriocins) (Zuo et al., 2016). The ability of these bacteria to produce 
enterocins is noteworthy and can be used as food bio-preservatives (Khan, Flint, & 
Yu, 2010). Bacteriocins are heat-stable peptides that use antimicrobial activity against 
pathogenic bacteria (Nami et al., 2015). In the current study, thirteen Enterococcus 
spp. were screened for their antimicrobial activity against four foodborne pathogens: 
E. coli: O157:H7, S. typhimurium, L. monocytogenes and S. aureus are described in 
Table 10. 
The results of 13 Enterococcus spp. exhibited varying levels of inhibitory 
activity against those 4 pathogens. The inhibition zone ranged 0.1 mm to > 2.0 mm. 
Enterococcus spp. E. faecium MF067470, E. faecium MF067487, E. faecium 
MF067495, and E. faecium KY962871 exhibited the superior antimicrobial activities 
against all 4 pathogens. Noteworthy, these strains had stronger inhibitory impact 
against L. monocytogenes compared with other tested pathogens. The less degree of 
antimicrobial activities noted for the E. duransKY962888 against the 4 tested 
pathogens. The inhibitory activities of the screened Enterococcus spp. supernatants 
were weaker against E. coli. 
The outcomes of this study revealed that antimicrobial activity different among 




with several works  (Angmo et al., 2016; Das, Khowala, & Biswas, 2016; Ilango, 
Pandey, & Antony, 2016). 
 
 
Table 10: Antimicrobial activity against 4 pathogens 
Bacteria Antimicrobial activity     
  E. coli O157:H7 S .typhimurium L. monocytogenes S.aureus 
E. faecalis MF067467 + + ++ ++ 
E. faecalis MF067469 + + + ++ 
E. faecium MF067470 + ++ +++ ++ 
E. faecium MF067487 + ++ +++ ++ 
E. faecium MF067495 + ++ +++ ++ 
E. faecalis MF067500 + + ++ ++ 
E. faecium MF067509 + + ++ + 
E. faecium KY962871 ++ ++ +++ ++ 
E. faecium KY962874 ++ + + + 
E. durans KY962882 + + ++ + 
E. faecium KY962883 + + ++ ++ 
E. durans KY962888 + + + + 
E. faecalis KY962905 + + + ++ 
 
† (-) no inhibition, (+) inhibition zone 0.1-1.0 mm; (++) inhibition zone 1.1-2.0 mm;  












3.3.4 Bile Salt Hydrolysis (BSH)  
Probiotic strains possess the ability to produce enzyme that hydrolyzed the 
conjugated bile salts which called bile salt hydrolysis (BSH). Which are formed 
fundamentally from cholesterol into free bile-acids (Shokryazdan et al., 2017).  It has 
been hypothesized that probiotic strains, in which have BSH activities, possess a 
selective advantage in bile salt-rich conditions (Jones, Begley, Hill, Gahan, & 
Marchesi, 2008). This process converts bile salt from conjugated to deconjugated. The 
conjugated bile salt contributes significantly to cholesterol absorption via human 
intestine (Liong & Shah, 2005b). Therefore, deconjugated bile salts co-precipitate with 
cholesterol and reduce its solubility , which leads to more fecal ejection of cholesterol 
(Shokryazdan et al., 2017). The BSH activity enhance the tolerance to conjugated bile 
salts for probiotic strains and increasing their survival in the GIT for colonization 
(Ramasamy et al., 2010).  
BSH activity of 13 Enterococcus spp. against sodium glycocholate, sodium 
taurocholate and bile salts mixture are demonstrated in Table11. Our findings of BSH 
activities ranged from 3.6 to 6.3 U/mg, 3.5-7.9 U/mg, and 3-6 U/mg for sodium 
glycocholate, sodium taurocholate, and bile salts mixture respectively. Strains of E. 
faecium MF067495, E. faecium MF067470, E. faecalis MF067469, and E. faecalis 
MF067467 showed the greater (P < 0.05) BSH activities than another Enterococcus 
spp. (Table 11). The current strains displayed substrate tendency towards sodium 
taurocholate compared to bile salts mixture and sodium glycocholate, except of E. 
faecium MF067487, E. durans KY962882, and E. durans KY962888. Our findings 




to assess BSH activity. Our results are superior than those reported by Ziar, Gérard, 













Table11: Bile salt hydrolysis activity (specific activity; U/mg) 
Bacteria Sodium glycocholate Sodium taurocholate Bile salts mixture  
E. faecalis MF067467 4.0 ± 0.29cde 6.0 ± 0.50cd 3.9 ± 0.05bc  
E. faecalis MF067469 5.8 ± 0.49a 6.1 ± 0.39ab 5.3 ± 0.71bc  
E. faecium MF067470 6.2 ± 0.11a 6.7 ± 0.10cd 4.2 ± 0.49b  
E. faecium MF067487 6.3 ± 0.09a 5.0 ± 0.39ab 5.2 ± 0.72def  
E. faecium MF067495 4.7 ± 0.08bc 7.9 ± 0.39bc 4.7 ± 0.25a  
E. faecalis MF067500 4.1 ± 0.18cde 4.2 ± 0.49cd 4.1 ± 0.33gh  
E. faecium MF067509 4.1 ± 0.16cde 5.7 ± 0.19de 3.9 ± 0.11cde  
E. faecium KY962871 4.0 ± 0.09de 4.9 ± 0.11e 3.0 ± 0.04efg  
E. faecium KY962874 4.6 ± 0.26bcd 6.6 ± 0.73bcd 4.5 ± 0.25b  
E. durans KY962882 4.6 ± 0.18bcd 4.5 ± 0.23a 5.7 ± 0.95gh  
E. faecium KY962883 5.0 ± 0.88b 5.9 ± 0.17ab 5.1 ± 0.60bc  
E. durans KY962888 4.8 ± 0.40b 3.5 ± 0.44a 6.0 ± 0.31h  
E. faecalis KY962905 3.6 ± 0.83bc 5.5 ± 0.92cd 4.0 ± 0.75cde  
 
†Values are mean ± standard deviation of Duplicates  




3.3.5 Cholesterol Removal 
Several previous studies have documented the ability of different Enterococcus 
strains to in-vitro reduce cholesterol (Liu et al., 2013; Xu, Liu, Radji, Yang, & Chen, 
2016). Several mechanisms have been postulated for cholesterol removal by lactic acid 
bacteria including; cholesterol assimilation which binding to the cells surface (Kumar, 
Kumar, Ghosh, & Ganguli, 2013), incorporation in the cell wall, and co-precipitation 
with deconjugated bile (Noh, Kim, & Gilliland, 1997). The production of cholesterol 
reductase by lactic acid bacteria to transform cholesterol to coprostanal has been 
reported as potential mechanism (Zanotti et al., 2015).  
Fig. 2 illustrates the cholesterol removal of the 13 Enterococcus spp. All 13 
Enterococcus spp. exhibited the ability to remove cholesterol from MRS media. The 
cholesterol removal ranged from 6.5% to 59.1% during 24 h of incubation. E. durans 
KY962888 and E. durans KY962882, E. faecalis KY962905, E. faecium MF067495 
demonstrated superior ability to remove cholesterol from the medium by 54.1%, 
51.4%, 53.6%, and 59.1, respectively. E. faecalis MF067469 showed lowest 
cholesterol removal by 6.5%. 
In this study, the cholesterol removal by Enterococcus spp. may be attributed 
to one or more than one mechanism mentioned earlier. Our results are higher compared 
with the results reported by Guo, Li, Tang, Yang, and Huo (2016) who isolated 
Enterococcus spp. from fermented cream in China. This suggests the Enterococcus 
spp. isolated from dried fish were more able to cholesterol removal than those isolated 
from fermented cream. The current results concur with cholesterol removal results 
reported by Ayyash et al. (2018a) who isolated Enterococcus and Streptococcus spp. 














Figure 2: Cholesterol removal (%) of Enterococcus spp. after 24 h of incubation at 37oC  


























3.3.6 Heat and Lysozyme Tolerances 
Probiotic strains may be subjected to hardest conditions including heat during 
various manufacturing and storage stages of many food products (e.g. chocolate and 
bread) in which probiotic could be usable. As a result, these probiotics strains have to 
respond quickly to survive (Aakko et al., 2014). It has been reported that a weak heat 
resistance of probiotic strains has restricted their use to application where heat stress 
is not required during manufacturing, such as fermented milk (Aakko et al., 2014). 
Heat alters the membrane fluidity and cause to macromolecules destabilization such 
as RNA and ribosomes (Guchte & Serror, 2002). 
The resistant to heat effect at 60°C for 5 min and lysozyme activity of 13 
Enterococcus spp. are presented in Table 12 The viability of all Enterococcus spp. 
reduced (P < 0.05) after exposure to heat treatment at 60°C for 5 min. The reduction 
in Enterococcus spp. population ranged from 0.2 to 1.3 log10 CFU/ml. Enterococcus 
spp. E. faecium MF067487, E. faecium MF067495, and E. faecium KY962874, E. 
durans KY962882, and KY962888 had higher (P < 0.05) heat resistant compared with 
other screened isolates. 
To be described as an industrial probiotic, it is preferable that the strain exhibits 
ability to resist heat. According to our results, alteration in the structure of cell wall 
among Enterococcus spp. may explain the variations in heat tolerances in our potential 
probiotics. In comparison with the heat results reported by Teles Santos et al. (2016) 
who tested heat resistant of LAB isolated from cocoa fermentation, the current of 
Enterococcus spp. had greater heat resistant. This may be indicated the LAB isolated 




Lysozyme (EC 3.2.2.17) is an antimicrobial enzyme found in tears, human milk, 
neutrophil granules, saliva, mucus and egg white (Field, 2005). Lysozyme has ability 
to damage the bacterial cell wall. Gram positive bacteria are more susceptible to 
hydrolysis by lysozyme compared to Gram negative ones (Rada et al., 2010). 
Lysozyme is widely used as a preservative (E1105) in meat and milk products against 
meat spoilage bacteria (Rada et al., 2010). For the selection probiotics to be employed 
in dairy industry, a range of lysozyme tolerances is suggested between 25- 35 mg/L 
(Guglielmotti et al., 2007). 
In current study, all the studied Enterococcus spp. exhibited noticeable 
lysozyme tolerances after 90 min of exposure. Lysozyme at concentration of 100 mg/L 
had insignificant (P > 0.05) inhibitory effect on the studied strains (Table 12). The 
reductions in bacterial populations were < 1.0 log10 CFU/ml. The differences in 
lysozyme tolerances among Enterococcus spp. isolates may be attributed to variations 
in layers and cell wall structures. The results of lysozyme tolerances in current study 






























             Table12: Heat (60oC/ 5 min) and lysozyme resistant (log10 CFU/ml) 
Bacteria 
Heat resistant (log10 CFU/ml) Lysozyme resistant (log10 CFU/ml) 
0 min 5 min  0 min 90 min 
E. faecalis MF067467 8.9 ± 0.0fg 7.7 ± 0.1g  9.2 ± 0.16cd 8.9 ± 0.01d 
E. faecalis MF067469 8.7 ± 0.1g 8.1 ± 0.1f  9.5 ± 0.08ab 9.1 ± 0.16bcd 
E. faecium MF067470 9.9 ± 0.1bc 9.1 ± 0.1bc  9.6 ± 0.07a 9.3 ± 0.05a 
E. faecium MF067487 9.9 ± 0.3b 9.5 ± 0.1a  9.5 ± 0.02ab 9.2 ± 0.05abc 
E. faecium MF067495 9.9 ± 0.2bc 9.5 ± 0.0a  9.5 ± 0.05ab 9.2 ± 0.11a 
E. faecalis MF067500 9.3 ± 0.2de 8.8 ± 0.1d  9.4 ± 0.06bcd 9.2 ± 0.10abc 
E. faecium MF067509 9.8 ± 0.2bc 9.2 ± 0.0bc  9.0 ± 0.13e 9.0 ± 0.15cd 
E. faecium KY962871 9.7 ± 0.2bc 9.3 ± 0.2b  9.3 ± 0.04d 9.1 ± 0.08abcd 
E. faecium KY962874 10.3 ± 0.2a 9.5 ± 0.1a  9.4 ± 0.06bcd 9.1± 0.18ab 
E. durans KY962882 9.8 ± 0.2bc 9.6 ± 0.0a  9.3 ± 0.11bcd 9.1 ± 0.20ab 
E. faecium KY962883 9.6 ± 0.2cd 9.0 ± 0.1c  9.3 ± 0.04bcd 8.8 ± 0.45abcd 
E. durans KY962888 9.9 ± 0.3b 9.5 ± 0.1a  9.2 ± 0.06d 9.0 ± 0.24d 
E. faecalis KY962905 9.1 ± 0.2ef 8.6 ± 0.0e  9.5 ± 0.01abc 9.0 ± 0.20d 
 
Values are mean ± standard deviation of Duplicates 
 
  






3.3.7 ESP Production 
Exopolysaccharides (EPS) production by potential probiotics is an advantage 
characteristic. ESP play a main role in the cells protection against toxic metals in the 
environment, bacteriophage attack and desiccation, host innate immune factors 
(Zannini et al., 2016). Furthermore, ESP that is produced by probiotics strains are 
widely applied in the dairy food industry to enhance the rheological properties, 
improve texture and taste of the products (Caggianiello, Kleerebezem, & Spano, 
2016). It has been suggested that ESP might associate to numerous health benefits 
attributed to probiotic strains, such as cholesterol lowering ability, antihypertensive 
effect, modulation of fecal microbiota and epithelium protection against intestinal 
pathogenic (Bengoa et al., 2018). 
Table 13 displays the ESP production of Enterococcus isolates. Out of 13 
isolates, 12 isolates showed ropy white colonies and was positive for ESP production. 
This outcome agrees with those documented by (Bengoa et al., 2018; Kumari, Angmo, 













Table13: ESP production 
Species Exoplysaccharidesa 
E. faecalis MF067467 + 
E. faecalis MF067469 + 
E. faecium MF067470 + 
E. faecium MF067487 - 
E. faecium MF067495 + 
E. faecalis MF067500 + 
E. faecium MF067509 + 
E. faecium KY962871 + 
E. faecium KY962874 + 
E. durans KY962882 + 
E. faecium KY962883 + 
E. durans KY962888 + 
E. faecalis KY962905 + 




3.4 Investigate the Health-Promoting Benefits of Fish Sausage Fermented by 
Selected LABs 
3.4.1 Fermented Fish Sausage 
Based on preceding characteristics primarily cholesterol removal, 
autoaggregation, hydrophobicity, antibiotic resistance and antimicrobial activity, the 
following 6 strains were selected to prepare functional fermented fish sausages: E. 
faecium MF047470, E. faecium MF047495, E. faecium MF047509, and E. faecium 
KY962874, E. faecalis KY962905, and E. durans KY962882. 
3.4.2 Bacterial Population, pH and TBAR 
The competition between the probiotics and natural microbiota of the raw food 
could be influenced by different mounting conditions in the sausage. Several factors 
might impact the probiotics survivability in fermented sausages such as presence of 
curing agents, high salt concentration, low temperature, low water activity and low pH 
(Liong, 2011). Moreover, alterations of pH deem as a challenge for the probiotic 
viability in fermented products. A lowering in pH from 5.6 to 4.9 during fermentation 
might restrict the probiotics over the whole fermentation and ripening process 
(Erkkilä, Suihko, Eerola, Petäjä, & Mattila-Sandholm, 2001).  
The probiotics viability is a key criterion for improved probiotics foods. 
Despite the cells amount needed to form therapeutic benefits is unknown and might 
differ as a strain function and the health influence required. Generally, the minimum 
probiotic viability should be > 106 CFU/ mL or gram of food product (Ouwehand & 
Salminen, 1998). 




TBAR, respectively, of fermented fish sausage during 21 days of storage at 4oC. The 
bacterial populations of all Enterococcus spp. were kept > 7.0 logs during 21 days of 
storage. In our isolates no significant (P > 0.05) change found in bacterial viability 
during storage period, except E. faecium M509 and K874 which slightly failing during 
storage period (P > 0.05) to 7.68 and 8.04 logs, respectively.  
As the fermentation processed, all Enterococcus spp. exhibited high 
populations up to the end of storage time. Based on probiotics guidelines from 
(Fao/Who, 2002), probiotic population should in adequate amount to provide health 
benefits. The results of this study are in agreement with (Fao/Who, 2002). All 
Enterococcus spp. maintained population > 8 log10 CFU/g with the exception of E. 
faecium M509 that recorded 7.68 logs. During fermentation, the formation of huge 
amounts of organic acids (primarily lactic acid) and different other metabolites by the 
current Enterococcus spp. might be accountable for the lowering in pH (ICMSF, 
2005). Producing lactic acid and dropping in pH are recognized to play influential roles 
in the antibacterial activity of LAB (Han, Kong, Chen, Sun, & Zhang, 2017).  
Table 14 illustrates that pH values dropped (p < 0.05) after 24 h of fermentation 
at 37oC from 6.5 to 5.0, 4.8, 4.7, 4.7, 4.7, 4.7, and 4.6 in fermented fish sausage by 
commercial, E. faeciumM470, E. faeciumM495, E. faeciumM509, E. faeciumK874, E. 
faecalisK905, and E. duransK882, respectively. Afterwards, that pH values 
approximately remained constant with prolonged storage.  
This study revealed that inoculated fish sausage by Enterococcus spp. 
displayed rapid drop in pH, which continuously declined to 4.7, while the pH of control 
raised significantly to 7.6 and then reduced slightly to 7.33. This reduction in pH may 
be explained by good acidification properties in fish sausages. Our pH results are in 




by Lb. plantarum ZY-40 and P. pentosaceus GY-23. The current pH results revealed 
that the tested Enterococcus spp., were comparable to commercial culture. Thus, the 
current strains are promising starter culture for food manufacturers. Our investigation 
indicated that commercial samples (starter culture) achieved lower bacterial 
populations and higher pH values compared to evaluated Enterococcus spp., during 
the period of storage. Enterococcus spp., which were basically isolated from fish, were 
more favorable with fish sausage than commercial. Findings obtained by Ayyash et al. 
(2018b) are concur with current results.  
Lipid oxidation expressed by TBAR in fermented fish sausage is presented in 
Table 14 TBARS values changed slightly (P > 0.05) with prolonged storage and 
ranged from 0.5 to 0.56 mg MDA/kg. Our TBAR results are below the permissible 
limit (5 mg MDA/kg) in fish products (Gökalp, 1986). The narrow range and low 
TBARS levels during period of storage could be ascribed to vacuum packaging which 
eventually contributed to minimize oxidation rate in fermented sausages. During 
storage at 4oC, fish sausage fermented by Enterococcus spp. exhibited rapid decrease 
in TBARS values. The diminution in TBARS values was supposedly due to decay of 
oxidation products produced, certainly low-molecular-weight volatile compounds, 
Factually, specific end-products of lipid oxidation such as short chain products and 
malondialdehyde (MDA) do not have ability to maintain their stability for a long 
duration of storage, where oxidation of these end products results in acids and alcohols 
(Fernández, Pérez-Álvarez, & Fernández-López, 1997). In another study, Zanardi, 
Dorigoni, Badiani, and Chizzolini (2002) reported also a high levels of TBAR in meat 
sausages (Milano type) during storage period. As predictable in control (without tested 
Enterococcus spp.), bacterial populations and pH values varied insignificantly during 




Lipid oxidation is an eminent and complex case, where the quality of foods are 
threatened, particularly in food with high content of unsaturated fats (Nasri et al., 
2013) causes development of unpleasant flavor and odor, shelf life shortening, 
nutritional values losses such as damages of polyunsaturated fatty acids (PUFA) and 
potential formation genotoxic and cytotoxic products (Secci & Parisi, 2016). Fish lipid 
varies from mammalian lipid (Henderson & Tocher, 1987). The prime variation is that 
fish lipids contain higher amount of long chain unsaturated fatty acids (up to 40%) 
(Secci & Parisi, 2016). Fish depot fats include various fatty acids contain five – six 
double bonds, whereas mammalian is usually maximum contain two double bonds for 
each fatty acid molecule. Besides, fish oils include other essential PUFAs such as 
ocosahexaenoic (DHA, C22:6n3) and eicosapentaenoic (Gonzalez, 1995). In spite of 
the importance of fish PUFAs, they are highly susceptible to degradation including 
oxidation. Several researches proved that the lipid oxidation of fish PUFA is rather 
related to the production of off-flavor components, reducing food quality during 
processing and storage and loss of nutrients and formation of toxic components and 
anti-nutritional substances (EPA, C20:5n3) (Azhar & Nisa, 2006; German & Kinsella, 
1985; Richards, Cai, & Grunwald, 2009).  
Several evidences mentioned that LAB may be beneficial as antioxidant agent. 
(Lin & Yen, 1999) have reported that various LAB strains have antioxidant action 
demonstrate by scavenging oxide anion and some of reactive oxygen species as 
retardation of lipid peroxidation. LAB’ ability to serve as antioxidant may be attributed 
to their capability to form antioxidant enzyme like superoxide dismutase (Shen et al., 
2010) which could release specific antioxidant compounds. In addition, ESP 
biomolecules produced by LAB as a response to extreme environmental condition 




LAB isolated from fermented milk can reduce oxidation of human low-density and 


























E. faecium M509 
Bacterial populations Log10 CFU/ml 
0 3.3 ± 0.14Ac 7.4 ± 0.54Ab 8.2 ± 0.28Ba 8.7 ± 0.07Aa 8.6 ± 0.01ABa 8.5 ± 0.62Aa 8.4 ± 0.10Aa 8.4 ± 0.09Ba 
7 3.3 ± 0.04Ae 7.5 ± 0.05Ad 8.3 ± 0.10ABcd 8.6 ± 0.14Abc 9.3 ± 0.97Aab 7.9 ± 0.09Acd 8.0 ± 0.06Ccd 9.8 ± 0.87Aa 
14 3.1 ± 0.12Ae 7.6 ± 0.03Ad 8.5 ± 0.08Aa 8.2 ± 0.07Abc 8.4 ± 0.07ABa 8.1 ± 0.25Ac 8.2 ± 0.09Bbc 8.3 ± 0.13Bab 
21 3.2 ± 0.08Ad 7.4 ± 0.09Ac 8.2 ± 0.05Bab 8.6 ± 0.75Aa 8.0 ± 0.07Bb 8.0 ± 0.18Ab 8.1 ± 0.06BCa 7.7 ± 0.28Bbc 
 pH values 
0 6.7 ± 0.07Da 6.6 ± 0.07Aab 5.9 ± 0.05Acd 5.8 ± 0.58Ad 5.9 ± 0.60Ad 6.2 ± 0.02Aabcd 6.4 ± 0.07Aabc 6.1 ± 0.22Abcd 
7 7.6 ± 0.04Aa 5.0± 0.54Bb 4.6 ± 0.02Ac 4.7 ± 0.05Bc 4.7 ± 0.02Bc 4.8 ± 0.01Cc 4.7 ± 0.02Cc 4.7 ± 0.02Bc 
14 6.9 ± 0.03Ca 4.9 ± 0.02Bb 4.8 ± 0.01Be 5.0 ± 0.01Bc 4.7 ± 0.01Bg 4.7 ± 0.04Df 4.8 ± 0.03Bd 4.8 ± 0.02Bde 
21 7.3 ± 0.09Ba 4.7 ± 0.04Bb 4.7 ± 0.02Cf 4.8 ± 0.03Bcd 4.8 ± 0.01Bde 4.8 ± 0.02Bc 4.7 ± 0.03BCef 4.7 ± 0.03Bf 
 TBAR (mg MDA/Kg) 






0.59 ± 0.01Aa 0.49 ± 0.07Bbc 0.41 ± 0.02Bde 0.40 ± 0.05Bde 0.44 ± 0.00Bcd 0.37 ± 0.04Be 
14 0.60 ± 0.05Aa 0.49 ± 0.04Bb 0.49 ± 0.06Bb 0.50 ± 0.05Bb 0.51 ± 0.02Ab 0.41 ± 0.02Bcd 0.47 ± 0.03Bbc 0.39 ± 0.03Bd 
21 0.47 ± 0.02Cd 0.62 ± 0.01Aa 0.63 ± 0.05Aa 0.60 ± 0.05Aab 0.51 ± 0.06Acd 0.58 ± 0.04Aabc 0.54 ± 0.04Abcd 0.51 ± 0.04Abc 
     
 a-e Mean values in the same row with different lowercase superscripts differ (p < 0.05)  
A-D Mean values in the same column with different uppercase superscript differs (p < 0.05) 




3.4.3 Degree of Hydrolysis (DH%)  
Sausage fermentation process usually accompanied by several biochemical 
changes including protein degradation (proteolysis) resulting in the production of low 
molecular weight compounds like peptides, amino acids and amino acids’ derivatives. 
These compounds affect flavor, texture and overall quality of food products (Benito, 
Rodríguez, Córdoba, Andrade, & Córdoba, 2005; Casaburi et al., 2008). These 
compounds have several health-promoting benefits including anticancer, 
antihypertensive, antidiabetic and antioxidant activities. Protein degradation is 
assigned to the action of microbial and endogenous enzymes. However, the major 
function of microorganism is observed during the secondary hydrolysis of peptides 
and small proteins (Fadda, Olivier, & Vignolo, 2002; Flores & Toldrá, 2011). LABs 
have strong proteolytic properties during product fermentation. Lactobacillus spp. 
(Castellano, Aristoy, Sentandreu, Vignolo, & Toldrá, 2012; Hwanhlem et al., 2017; 
Sriphochanart & Skolpap, 2010), Pediococcuss pentosaceus (Nie, Lin, & Zhang, 
2014) and Enterococcus faecium (Ruthu, Murthy, Rai, & Bhaskar, 2014) have been 
documented to strengthen the muscle proteins hydrolysis.  
In fish, various proteolytic mechanisms occur in the muscular cell: 
multicatalytic proteinase (proteasome), Lysosomal proteolysis included acidic 
cysteine, cathepsin and aspartic (Delbarre-Ladrat, Chéret, Taylor, & Verrez-Bagnis, 
2006), calpains belong calcium-dependent cysteine proteases, in addition to 
cytoplasmic aminopeptidases, alkaline proteases, enzymatic hydrolysis of connective 
tissues such as collagenase and elastase (Blanchard & Mantleb, 1996).   
Lactic acid bacteria (LAB) as a "probiotic" have been widely applied in 




feature of probiotic due to their participation in the organoleptic properties 
development of bioactive health-beneficial peptides (Savijoki, Ingmer, & Varmanen, 
2006). It has been postulated that the proteolytic system of probiotic may leads to 
degrade of myofibrillar and sacrcoplasmic proteins, thus influence to the texture 
improvement of fermented fish (Fadda, Olivier, & Vignolo, 2002; Riebroy, Benjakul, 
Visessanguan, & Tanaka, 2005). Furthermore, probiotic proteolysis possesses a great 
role to produce a unique flavor of fermented meats due to the presence of amino acids 
and peptides which are considered the main precursors of particular flavor compounds 
(Hughes et al., 2002; McFeeters, 2004).     
The results of proteolytic activity, expressed as degree of hydrolysis (DH), of 
Enterococcus spp. in fermented fish sausages during 21 days of storage at 4oC is 
illustrated in Fig. 3 The fish sausage without bacteria inoculation was considered as a 
control. Overall, DH% for all the Enterococcus spp. in fermented fish sausages 
increased (p < 0.05) with extended storage. The DH% in fish sausages fermented by 
control did not differ significantly (P > 0.05) compared with studied Enterococcus spp. 
In general, the DH% ranged from 22% to 41% in fermented fish sausages. The findings 
revealed that the proteolytic rate in fermented fish sausages raised rapidly in 14 days 
of storage, followed by a slower rate of growing up to the end of storage period. The 
DH% in fermented fish sausages were greater (P < 0.05) than control fish sausage (Fig. 
3). The increase in DH% during fermentation may be attributed to endogenous 
enzymes and proteolytic enzymes produced by LAB. Our results revealed that adding 
culture to fish sausages improve proteolysis significantly. This might improve health-
promoting benefits by these sausages. Similar to our results, (Liu, Chen, Shao, Wang, 
& Zhan, 2017) found that the degree of hydrolysis (DH) of fermented defatted wheat 




2014) isolated two different LABs (Pediococcus acidilactici NCIM5368 and 
Pediococcus acidilactici FD3) from fresh fish. These probiotics were employed in 
fermented fish. Our findings are almost in the same range of their finding (Ruthu et 
al., 2014). Pearson’s test detected that DH% had remarkable positive (r = 0.881) and 
negative (r = -0.771) correlations with bacterial population and pH values, respectively 





























Figure 3: Degree of hydrolysis (%) of non-fermented (control) and fermented fish sausages during 21 days of storage  




















3.4.4 Antioxidant Activity Determined by ABTS and DPPH (%) 
Fermented food products rich in peptides and amino acids which have 
antioxidant properties and may possess beneficial impact in food processing and in 
promoting human health (Faithong & Benjakul, 2012). Fish is one of the unique 
sources for bioactive peptides that can act as antioxidants (Sarmadi & Ismail, 2010). 
On the other side, it has been reported that the consumption of the probiotic strains 
alone or in food could exhibits antioxidant activities and minimize damages resulted 
by oxidation (Amaretti et al., 2013). The probiotic may enhance a host redox status by 
adjusting signaling pathways, metal ion chelating capacity, antioxidant system and 
intestinal microbiota (Wang et al., 2017a).   
Free radicals are the atoms, molecules or ions that possesses unpaired valence 
electron, and they are produced as a result of metabolism for aerobic organism, oxidant 
physiological production and their secondary reaction (Joseph, Ira, Betty, & Gerold, 
2003). Free radicals are oxidative biomolecules causing proteins damage, DNA 
mutations, membrane phospholipids oxidation and alteration in low density 
lipoproteins which could cause over the time to several diseases in humane including; 
diabetes, cancer, arthritis and atherosclerosis (Haliwell, 1994).  
Antioxidant peptides derived from fermented food proteins are deemed to be 
safe with high activity, low molecular weight and easy absorption. These peptides are 
stable (Xie, Huang, Xu, & Jin, 2008). The activity of these antioxidant peptides are 
strongly correlated to their structure, hydrophobicity and composition (Chen, 
Muramoto, Yamauchi, Fujimoto, & Nokihara, 1998).Their content of amino acids 
besides aromatic residues make them able to donate protons to the electron-deficient 




contain essential amino acids, such as hydroxymethyllysine and methylistidine in high 
level that are not usually available in plant proteins (Sarmadi & Ismail, 2010).    
The radicals scavenging rates by ABTS (A) and DPPH (B) of fermented fish 
sausage by 6 Enterococcus spp., in addition to control and commercial strain are 
displayed in Fig. 4 all fermented fish sausage by selected Enterococcus spp. exhibited 
greater (P < 0.05) antioxidant activities by ABTS (Fig. 4A) than commercial and 
control fish sausages. The ABTS rate ranged from 19.8% - 55.3% during 21 days of 
storage. The ABTS scavenging rates increased (P < 0.05) in all fermented fish sausage. 
Fish sausages fermented by E. faecium M470, E. faecium M509, and E. durans K882 
showed the highest antioxidant activity (> 60%; Fig. 4A).  
Fig. 4B illustrates that DPPH rate in fermented fish sausages ranged from 
35.35% to 63.62% during storage. Fish sausages fermented by E. faecium M470, E. 
faecium M509, and E. faecium K874 had significant (P < 0.05) increase in scavenging 
rate during 14 days of storage followed by slight (P > 0.05) decrease at the end of 
storage period. At the end of storage interval, E. faecium K874, E. faecium M495 and 
E. durans K882 achieved the highest scavenging rates, respectively. DH% and 
DPPH% (r = 0.329) and ABTS% (r = 0.312) significantly and positively correlated 
with each other (Appendix 4), which may explain the antioxidant results in fermented 
fish sausage. The increase in DPPH% and ABTS% during storage proposes that 
smaller peptides may be released as a result of proteolytic activity. These small 
peptides may possess high level of antioxidant activities. 
As expected, antioxidant activities in fish sausages fermented by Enterococcus 
spp. in both ABTS and DPPH assays were higher significantly (P < 0.05) compared 
with control samples, this may be indicated that the Enterococcus spp. which isolated 




(Fig.3). The correlation between proteolysis and scavenging rates has been previously 
reported (Gupta, Mann, Kumar, & Sangwan, 2009; Nasri et al., 2013).  
The variations in scavenging rates in the current study may be attributed to the 
variation in proteolytic activities between our Enterococcus ssp., (Kęska & Stadnik, 
2017). Further, (Amaretti et al., 2013; Mishra et al., 2015) concluded that antioxidant 
properties are species-strain dependent. In general, antioxidant rates was higher with 
DPPH for all tested samples compared to ABTS assay, due to the presence of particular 
hydrophobic (non-polar) amino acids which had positive influences on DPPH 


























Figure 4: Antioxidant activities by ABTS% (A) and DPPH% (B) of non-fermented (control) and fermented fish  
sausages during 21 days of storage  



































3.4.5 Antidiabetic by α-Glucosidase and α-Amylase Inhibition 
Diabetes mellitus is asset of metabolic disorders, is characterized by 
occurrences of high blood sugar rates through a prolonged period (Lin & Sun, 2010). 
The essential paths to antidiabetic therapy are oral anti-hyperglycemic agents and 
insulin (R.R et al., 1999). Disaccharides, starch and long chain of carbohydrates are 
hydrolyzed to glucose and broken down by α–glucosidase and α–amylase activities. 
One of the promising therapeutic approaches to inhibit hydrolysis via α–glucosidase 
and α–amylase with a view to retard glucose intestinal absorption (Jong-Anurakkun, 
Bhandari, & Kawabata, 2007). 
The findings of α–glucosidase and α–amylase inhibition for fish sausage 
fermented by Enterococcus spp. are illustrated in Fig. 5A and Fig. 5B, respectively. 
The results indicated that during fermentation α–glucosidase and α– amylase 
inhibitory activity increased (P < 0.05) with prolonged of storage, except control 
(without inoculated Enterococcus spp.). Overall, α-glucosidase and α-amylase 
inhibition in fish sausage fermented by Enterococcus spp. extended from 23.9% - 
41.4% and 29.2% - 68.7%, respectively. 
In all Enterococcus spp which were inoculated in fish sausage, excluded E. 
faecium M470 and M495, α–glucosidase inhibition results during 7 days of storage 
increased significantly, followed by dropped after 14 days and backed to rise belonged 
the end of storage period, while E. faecium M470 and M495 had varied α–glucosidase 
inhibition expended storage period. 
α–amylase evolution showed different inhibition behavior. Where all fish 
sausages fermented by Enterococcus spp., excepting E. faecium M495 and E. faecium 




at the end of storage. However, α–amylase inhibition of fish sausages fermented by E. 
faecium M495 and E. faecium M509 reached to their highest levels at the end of 
storage time. 
Basically, as (Ayyash et al., 2018b) revealed that bioactive peptides, especially 
small ones, which were produced by proteolytic activity of the probiotic used are 
responsible for inhibitory impact on α–glucosidase and α–amylase activity. The 
variation patterns in both α–glucosidase and α–amylase inhibitions in the current study 
could be attributed to differences in microorganism species-strains used (El-Salam & 
El-Shibiny, 2013) and also to differences in quantitative and qualitative of proteolytic 
activity (Ayyash et al., 2018b). In support of this, our findings are correlated positively 
with DH%, as well as with bacterial population, DPPH%, and ABTS% and negatively 
with pH (Appendix 4). To the best of our knowledge, this is the first study for α–























Figure 5: Inhibition of glucosidase (A) and amylase (B) of non-fermented (control) and fermented fish sausages 
during 21 days of storage  






































3.4.6 ACE-inhibition Activity 
High blood pressure is one of the main independent risk factor for 
cardiovascular diseases (Nasri et al., 2013). Researches on spontaneously hypertensive 
rate (Nakamura, Masuda, & Takano, 1996; Seppo, Jauhiainen, Poussa, & Korpela, 
2003; Yamamoto, Maeno, & Takano, 1999) and on human clinical trial demonstrate 
the confirmation that the bioactive peptides ( viz., lactokinins, casokinins, tripeptides 
(valine-proline-proline), and (isoleucine-proline-proline) released as a result of the 
proteolytic activity by probiotic bacteria (Takano, 1998). These bioactive peptides act 
as angiotensin-I converting enzyme (ACE; EC 3.4. 15.1) inhibitors, leads to lower high 
blood pressure by suppression of vasoconstrictor angiotensin-II formation and 
vasodilator bradykinin degradation (Liong, 2011).  
ACE inhibition is deemed to be a beneficial therapeutic path in the treatment 
of high blood pressure. Synthetic ACE inhibitors such as lisinopril and captopril, 
which have been employed in the hypertension clinical treatment, could cause some 
side effects in humans such as renal impairment, cough, and taste lost (Acharya, 
Sturrock, Riordan, & Ehlers, 2003). Studies have reported that the efficiently of both 
probiotic products and synthetic ACE inhibitors are similar (Liong, 2011). Thence, 
seeking for natural, safe, and efficient alternative for hypertension remedy, make the 
ability of probiotic to inhibit ACE as a promising option. 
Fig. 6 depicts the ACE-inhibition in fish sausage fermented by Enterococcus 
spp. Fermented fish sausages by Enterococcus spp. had noticeable ACE-inhibition 
activities ranged from 32.5% to 48.9%. The ACE-inhibition increased (P < 0.05) with 
prolonged storage, with exception each of those fermented by E. faecium K874. The 




(P > 0.05) from 23.7%-25.7%. Fish sausage inoculated by E. faecium M470, E. 
faecium M495, and E. durans K882 demonstrated greater (P < 0.05) ACE-inhibitory 
than fish sausages fermented by commercial and control (non-inoculated). High 
proteolytic activities of the current Enterococcus spp. may elucidate the higher ACE-
inhibitions in the fermented fish sausages. In support, Pearson’s test (Appendix 4) 
exhibited that ACE-inhibition correlated positively with DH% (r = 0.433). Mejri et al. 
(2017) revealed that a remarkable ACE-inhibitions in fermented camel sausage 
recorded with small peptides < 3 kDa. In this study, ACE inhibitory activity correlated 
positively with bacterial population (r = 0.467), DPPH (r = 0.412), and ABTS (r = 























































Figure 6: ACE-inhibition of non-fermented (control) and fermented fish sausages during 21 days of storage  


























3.4.7 Total Phenolic Compounds (TPC)  
   Fish model systems contain high concentration of omega-3 polyunsaturated 
fatty acid (PUFAs). Although these compounds possess several beneficial influences 
on human health (Lee & Lip, 2003), but food rich in PUFAs are more susceptible for 
lipid oxidation, which has destructive impacts in both nutritional and organoleptic 
properties of the products, such as quality loss, discoloration, development of an 
offensive odor and devastation of essential fatty acids (Arab-Tehrany et al., 2012).  
   Phenolic compounds retard lipid oxidation scavenging free radical and/or 
chelating metal (Jovanovic, Steenken, Tosic, Marjanovic, & Simic, 1994; Rao, 
Paliyath, & Ormrod, 1996). Fish model systems contain various phenolic compounds 
such as gallic acid, catechin, tannic acid, and ferulic acid, which have showed 
antioxidant activities (Ramanathan & Das, 1992; Sun et al., 2017). Diverse phenolic 
compounds have exhibited varying effectiveness in delaying lipid oxidation in food 
system. These differences may be attributed to the variation in phenolic compounds 
polarity and their molecular structure. Moreover, phenolic compounds have ability to 
display several antioxidant activities relying on their action mode (Mohd Azman et al., 
2016). It is known that LAB in fermented foods can induce phenolics production, 
particularly in plant-origin foods, results in promotion of antioxidant activities (Hur, 
Lee, Kim, Choi, & Kim, 2014; Rodríguez et al., 2009).  
In present study, the evolution of the total phenolic compounds (TPC) in 
fermented fish sausages during 21 days of storage at 4oC is demonstrated in Fig..7. 
Overall, TPC contents in fermented fish sausage ranged from 7.2 to 9.1 mg GAE/g 
during 21 days of storage. The highest TPC content was observed in fish sausages 




demonstrated that TPC contents in fermented fish samples increased (P < 0.05) as a 
function of storage time except E. faecium M509 and E. faecium M470. Several 
studies have reported lowering in phenolic content may destroy the bioactivity, 
especially antioxidant activity of  food matrix (Xiao et al., 2015). Whereas, Rui et al. 
(2017) have concluded that fermentation by LAB can improve TPC contents in 
fermented foods. In this study, the TPC results agree with later study, in which soy 
seeds fermented by Lactobacillus plantarum B1-6 and exhibited increase in TPC 
contents. 
The antioxidant activities during fermentation period of fish sausages may be 
associated with the abundance in polyphenols content, compared to control sample. It 
has been postulated that fermentation process leads to disruption in food cell walls and 
causing to elevation of polyphenol content in the fermented food (Ne, 2014). 
Polyphenols are classified as one of efficient antioxidant compounds due to their 
hydroxyl group, which assists in scavenging free radicals (Jiménez-Escrig, Jiménez-
Jiménez, Pulido, & Saura-Calixto, 2001). In light of this fact, our results of TPC is 











































Figure 7: TPC of non-fermented (control) and fermented fish sausages during 21 days of storage  






























Chapter 4: Conclusions and Recommendation 
 
Dried fish products were identified as novel sources to isolate LAB with 
desirable probiotic characteristics. Enterococcus spp. were able to tolerate gastric and 
intestinal conditions, lower cholesterol, and hydrolyse bile salts. The safety assessment 
of these isolates with regards to antibiotic resistance and virulence properties did not 
present any concerns. The fermented fish sausages containing Enterococcus spp. 
exhibited noticeable antihypertensive and antioxidant features. The E. faecium M509, 
E. faecalis K905 and E. durans K882 have promising probiotic features which have 
potential to be used by the meat processing industry to develop new functional 
fermented foods. Further studies are need to elaborate the industrial properties of these 
new isolates. Studies to employ these studies in different products than meat products 
will be highly considered. An in-vivo studies, using these new isolates that exhibited 
excellent in-vitro results, will be greatly appreciated to support the current health-
promoting claims.  
Regarding the limitations of currant research, in-vivo study to support probiotic 
claims was not performed. Although co-aggregation and auto-aggregation assays 
which were used in this work are related to the attachment cell, attachment to epithelial 
cell test is needed. Moreover, the mechanisms of cholesterol lowering has not been 
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Experienced User Protocol for DNA Isolation Kit Sample; DNeasy UltraClean 
Microbial Kit (Qiagen, Carlsbad, CA, USA) 
1. Add 1.8 ml of microbial (bacteria, yeast) culture to a 2 ml Collection Tube 
(provided) and centrifuge at 10,000 x g for 30 seconds at room temperature. Decant 
the supernatant and spin the tubes at 10,000 x g for 30 seconds at room temperature 
and completely remove the media supernatant with a pipette tip. Note: Based on the 
type of microbial culture, it may be necessary to centrifuge longer than 30 seconds. 
2. Resuspend the cell pellet in 300 l of MicroBead Solution and gently vortex to mix. 
Transfer resuspended cells to MicroBead Tube. 
3. Check Solution MD1. If Solution MD1 is precipitated, heat the solution at 60C 
until the precipitate has dissolved. Add 50 l of Solution MD1 to the Glass 
MicroBead Tube. 
4. Secure MicroBead Tubes horizontally using the MO BIO Vortex Adapter tube 
holder for the vortex or secure tubes horizontally on a flat-bed vortex pad with tape. 
Vortex at maximum speed for 10 minutes.  
5. Make sure the 2 ml MicroBead Tubes rotate freely in the centrifuge without rubbing. 
Centrifuge the tubes at 10,000 x g for 30 seconds at room temperature. 
6. Transfer the supernatant to a clean 2 ml Collection Tube (provided). 
7. Note: Expect 300 to 350 l of supernatant. 
8. Add 100 l of Solution MD2, to the supernatant. Vortex for 5 seconds. Then 
incubate at 4C for 5 minutes. 




10. Avoiding the pellet, transfer the entire volume of supernatant to a clean 2 ml 
Collection Tube (provided). Expect approximately 450 l in volume. 
11. Shake to mix Solution MD3 before use. Add 900 l of Solution MD3 to the 
supernatant and vortex for 5 seconds. 
12. Load about 700 l into the Spin Filter and centrifuge at 10,000 x g for 30 seconds 
at room temperature. Discard the flow through, add the remaining supernatant to 
the Spin Filter, and centrifuge at 10,000 x g for 30 seconds at room temperature. 
Note: A total of 2 to 3 loads for each sample processed are required. Discard all 
flow through liquid. 
13. Add 300 l of Solution MD4 and centrifuge at room temperature for 30 seconds at 
10,000 x g. 
14.  Discard the flow through. 
15.  Centrifuge at room temperature for 1 minute at 10,000 x g. 
16.  Being careful not to splash liquid on the spin filter basket, place Spin Filter in a 
new 2 ml Collection Tube (provided). 
17. Add 50 l of Solution MD5 to the center of the white filter membrane. 
18.  Centrifuge at room temperature for 30 seconds at 10,000 x g. 
19. Discard Spin Filter column. The DNA in the tube is now ready for any downstream 
application. No further steps are required. 









Figure A: Gel electrophoresis image for PCR products amplified with a PCR 
method. Well numbers are identified 
 
 
1: E. faecalis MF067467; 2: E. faecalis MF067469; 3: E. faecium MF067470; 4: E. 
faecium MF067487: 5: E. faecium MF067495; 6: E. faecalis MF067500; 7: E. faecium 
MF067509; 8: E. faecium KY962871; 9: E. faecium KY962874; 10: E. faecalis 


























Figure B1-B9: Gel electrophoresis images for virulence genes detection 
 












































































   Figure B6: efaAfs (cell wall adhesion) 









  Figure B7: esp (enterococcal surface protein) 
 














































 Table A: Pearson’s correlations between parameters 
  
 Log pH TBAR TPC DH% ABTS% DPPH% Glucosidase Amylase ACE 
Log 1.000 -0.719 -0.106 0.233* 0.881** 0.283** 0.311** 0.336** 0.407** 0.467** 
  <0.001 0.304 0.022 <0.001 0.005 0.002 0.001 <0.001 <0.001 
pH  1.000 0.124 -0.326** -0.771** -0.564** -0.667** -0.604** -0.722** -0.341** 
   0.230 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
TBAR   1.000 -0.038 -0.011 -0.109 -0.117 -0.053 0.004 0.002 
    0.710 0.913 0.292 0.257 0.608 0.969 0.088 
TPC    1.000 0.215* 0.319** 0.388 0.154 0.285** 0.111 
     0.035 0.002 0.095 0.135 0.005 0.078 
DH%     1.000 0.329** 0.312** 0.396** 0.490** 0.433** 
      0.001 0.002 <0.001 <0.001 <0.001 
ABTS      1.000 0.478** 0.463** 0.498** 0.369** 
       <0.001 <0.001 <0.001 <0.001 
DPPH       1.000 0.377** 0.564** 0.412** 
        <0.001 <0.001 <0.001 
Glucosidase        1.000 0.521** 0.212 
         <0.001 0.231 
Amylase         1.000 0.277** 
          <0.001 
ACE          1.000 
           
 
** Correlation is significant at the 0.01 level. 
* Correlation is significant at the 0.05 level. 
Pearson’s test in fermented fish sausage only 
 
